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The Identification of Some Autonomic Drugs by 
Means of the Optical Properties of the Diliturates* 


By ELMER M. PLEIN{ 


The optical sapeingnsaee properties of the 
d‘liturates (nitrobarbiturates) of ¢/-amphet- 
amine (Benzedrine), d-amphetamine (Dexe- 
drine), ephedrine, di/-ephedrine (Racephe- 
drine), (Propadrine), 
and p-hydroxy-a-methylphenethylamine (Pare- 
drine) serve to identify each of the products. 


ei HE USE OF the optical crystallographic prop- 

erties of the diliturates has been suggested as 
means of identification of organic bases by the 
authors in previous papers (1, 2), in which they 
reported the optical constants for the diliturates 
of some primary aliphatic amines and some pri- 
mary aromatic amines. The optical crystallo- 
graphic identification of some amino acids with 
dilituric acid has been reported by Larsen, Witt, 
and Poe (3). The present communication reports 
similar constants for the diliturates of some or- 
ganic bases used as drugs. 


* Received April 30, 1949, from the University of Wash- 
ington College of Pharmacy. 

Presented to the Scientific Section, A. Pu. A., Jacksonville 
meeting, April, 1949. 

+ The author wishes to thank Sharp and Dohme, Smith, 
Kline and French Laboratories, and The Upjohn Co. who 
supplied the amines for this study. 


METHODS 


The methods employed are similar to those used 
in the earlier works. In preparing the diliturates the 
amine or amine salt was dissolved in water and a hot 
aqueous solution of dilituric acid was added. The 
amine diliturate precipitated on cooling. 


The diliturates were recrystallized from water one 
or more times. The identity and purity of the salts 
were established by determination of the nitrogen 
content by the Kjeldahl method modified to include 
nitro compounds. The deviation of the percentages 
found from those calculated did not exceed 0.2 except 
for dl-phenylpropanolamine, 0.39. 


The optical data for the diliturates of the six am- 
ines are included in Table 1. The usual orientation 
of the diliturates of dl-ephedrine and p-hydroxy-a- 
methylphenethylamine does not present a true value 
for any principal index, but the values can be deter- 
mined from crushed crystals. The usual orientation 
of ephedrine diliturate permits the determination of 
two indices, alpha and gamma. The crystals of the 
other diliturates examined are so oriented that true 
values for alpha and beta can be determined. 


The systems to which the various crystals belong 
are indicated in Column 2 by the letters, O and T— 
orthorhombic and triclinic, respectively. 
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I.—Opticat Propetrigs of Some AMINE DILITURATES 


Extinction Optic Indices-----—. Elonga- Dis- 
Amine System Angle Sign Alpha Beta Gamma tion persion 

dl-Amphetamine (Benze- 

drine) oO Parallel 1.470 1.645 1.698 + v>p 
d-Amphetamine (Dexedrine) O Parallel 1.471 1.653 1.704 + v>p 
Ephedrine oO Parallel 1.544 1.619 1.655 = p>v 
dl-Ephedrine (Racephedrine) T 38 1.537 1 662 1.731 * v>p 
p-Hydroxy-a-Methylphen- 

ethylamine (Paredrine) T 438 1.450 1.731 >1.785 — v>p 
dl-Phenylpropanolamine 

(Propadrine) 
Lath-Shaped Parallel 1.461 1.678 1.708 v>p 
Lamellar oO Parallel 1 


The diliturates of these amines are so flattened 
that when suspended in a liquid nearly all crystals 
assume the same or nearly the same orientation. In 
Table II some optical and crystallographic proper- 
ties are recorded which were observed on the most 
frequently occurring orientations. The optical ori- 
entation designated as obtuse or optic normal indi- 
cates that a centered figure is observed in the usual 
position of the crystal. The term “‘inclined”’ indi- 
cates that the interference figure is not centered. 
dl-Ephedrine and p-hydroxy-a-methylphenethylam- 
ine in their usual orientations present refractive in- 
dices which cannot be satisfactorily determined 
within narrow limits. These indices are reported as 
variable. The lower index for dl-ephedrine dilitur- 
ate is near 1.648 and the higher index is near 1.705. 
The low index of p-hydroxy-a-methylphenethylam- 
ine is near 1.465 and while the higher index appears 
variable, it is greater than 1.785, 


TasLe Il..-Tue Most SIGNIFICANT PROPERTIES OF SOME AMINE DILITURATES 


471 1.663 1.685 v>p 


show constant values. An asterisk is used to indicate 
the higher refractive index in an orientation unless a 
value is given for it. Observed crystal angles (de- 
termined microscopically) are indicated at the corner 
of the diagrams. Two forms of crystals are observed 
for di-phenylpropanolamine diliturate, hence two 
sets of drawings are included to represent them. 
Additional descriptions of some of the diliturates 
will facilitate identification of them. The diliturate 
of dl-amphetamine forms small crystals which ma- 
croscopically have the appearance of cotton. The 
crystals are thin and may be described as acicular. 
Polarization colors are dull, mostly gray. The prin- 
cipal indices of dl-amphetamine diliturate are close 
to those of d-amphetamine diliturate, but the crys- 
tals of the latter are much larger. The latter crystals 
show cleavage lines parallel to the long axis of the 
crystal and they are easily fractured. Polarization 
colors are bright 


Optical Extinction 


Amine Habit Orientation Angle Refractive Indices 

dl-Amphetamine (Benze- Acicular Obtuse Parallel 1.470 1 645 
drine) 

d-Amphetamine (Dexe- Tabular Obtuse Parallel 1.471 1.658 
drine) 

Ephedrine Lamellar Optic normal Parallel 1 544 1.655 

dl-Ephedrine (Racephe- Tabular Inclined optic Variable Variable Variable 
drine) axis 

p-Hydroxy-a-Methyl- Tabular Inclined optic Variable Variable >1.785 
phenethylamine (Pare- normal 
drine) 

di-Phenylpropanolamine Lath-Shaped Obtuse Parallel 1.461 1.678 
(Propadrine ) 


In Fig. 1 are diagrams of the crystals showing 
front views as the crystals appear in their most fre- 
quently occurring orientations, side views, and in 
some cases top views. Side and top views were ob- 
tained by rolling the crystals in Canada balsam. 
Extinction angles were all measured between the 
long direction of the crystal in its particular orienta- 
tion and the position of nearest extinction. Dotted 
lines indicate vibration directions and apparent re- 
fractive indices are recorded for those crystals which 


Lamellar Obtuse Parallel 1.471 


1.663 


Lath-shaped crystals of di-phenylpropanolamine 
diliturate are most frequently smooth, but some of 
them exhibit faint cleavage lines. The lamellar 
form shows considerable cleavage and the crystals 
have an unfinished appearance. These crystals of- 
ten occur in bundles which have to be broken up to 
yield the individual crystals. 

The principal indices of p-hydroxy-a-methylphen- 
ethylamine diliturate all must be determined from 
crushed particles. Beta can best be identified from 
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1.645 1.645 


Fig. 1. 


those small particles which 
crossed nicols. 

dl-Ephedrine diliturate forms very large yellow 
crystals which must be crushed and the indices iden- 
tified from fragments. Most of the crystals give the 
appearance of being made up of crystals superim- 
posed upon crystals. Interference figures are often 
double, but only one set of properties was found. 
Polarization colors are dull. 


CONCLUSIONS 


appear blue under 


The diliturates of the following amines have 
been prepared and their optical crystallographic 


1.471 


1.461 


dl-Phenylpropanolamine 
(Lath-Shaped ) 


1.471 
dl-Phenylpropanolamine 
(Lamellar) 
-Diagrams of crystals of amine diliturates. 


properties determined: dl-amphetamine (Benze- 
drine), d-amphetamine (Dexedrine), ephedrine, 
dl-ephedrine (Racephedrine), phenylpropanol 
amine (Propadrine), and p-hydroxy-a-methyl- 
phenethylamine (Paredrine). These properties 
serve to identify the amines. 
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A method is described for the determination 
of hydrastine in hydrastis. This method is 
based on the adsorption of the hydrastis 
alkaloids on Florisil columns. Hydrastine is 
selectively eluted with ammoniacal alcohol 
and determined by a spectrophotometric 
ure. 


T= FIRST official assay of hydrastis, intro- 
duced into the U. S. P. in 1910, is essentially 
the same procedure as that now found in the N. F. 
VIII. The difficulty with the official method lies 
in the fact that the ether-separated extracts con- 
tain not only the desired hydrastine but also small 
amounts of berberine and other extractives, non- 
alkaloidal in nature. 

Recent applications by Brown and her associ- 
ates (1) and Lasslo (2) of thé principles of se- 
lective absorption to the problem of the sepa- 
ration of alkaloids have been successful. It was 
therefore deemed desirable to investigate the 
feasibility of isolating hydrastine on a quanti- 
tative basis by the use of an adsorption column. 


EXPERIMENTAL 


In 1938 Neugebauer and Brunner (3) indicated 
that alumina would only slightly adsorb the alka- 
loids from alcoholic preparations of Hydrastis cana- 
densis L., Berberis vulgaris L. and Mahonia aquifolia 
L., and that the alkaloids could be eluted with 90% 
ilcohol. 

We investigated the adsorption characteristics of 
ictivated alumina,' using solutions of berberine 

Merck & Co.) and hydrastine (Penick & Co.) in 
ether. Both of these alkaloids were completely ad- 
sorbed within certain limits. However, a quantita- 
tive separation could not be accomplished, since it 
was found that the 90% alcohol as well as other 
solvents would elute both of the alkaloids. Separa- 
tion of these two substances therefore could not be 
effected by the use of activated alumina. 

Adsorption columns employing fuller’s earth, 
magnesium carbonate, magnesium oxide, or mix 


tures of magnesium oxide with Celite 501? were 


* Received April 30, 1949, from the Department of Phar- 
macognosy and Pharmacology and the Department of 
Chemistry, College of Pharmacy, University of Illinois. 

+ Abstract of a thesis submitted by Jose Mendez to the 

sate College of the University of Illinois in partial ful- 
t of the requirements for the degree of Master of 
narmacognosy, 1948 
+ Fellow of the American Foundation for Pharmaceutical 
: ad the University of San Carlos, Guatemala 
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Use of Selective Adsorption in the Analysis 
of Hydrastis*t 


By JOSE MENDEZ}, ERNST R. KIRCH, and RALPH F. VOIGT 
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found to be of no practical value, due to their in 
complete adsorption of alkaloids. 

Investigations by Sussman, et al., (4), on the indus- 
trial recovery of alkaloids by ion exchange, and the 
work of Lasslo (2) and of Kingsbury and co-workers 
(5) suggested the possible use of synthetic magne- 
sium silicate (Florisil)* for the separation of hydras- 
tine from berberine. 

We have found that Florisil columns activated 
with ammonium hydroxide completely adsorb both 
hydrastine and berberine from acid-aqueous solu 
tions of the alkaloids. Ammoniacal alcoho] selec 
tively elutes the hydrastine, but not the berberine, 
from columns so prepared. 

No satisfactory method for the estimation of hy- 
drastine is available. Volumetric methods for this 
assay have been employed in the German Pharma- 
copeeia (6) and in the Swedish Pharmacopeeia (7) 
These methods have given irregular results, as re- 
ported by Wales (8), by Eiderman (9), and by van 
den Berg (10). 

We have found two poorly defined breaks in the 
titration curves for hydrastine solutions. No satis- 
factory end point could be calculated from these 
data. 

Lyons (11) reported several color reactions which 
developed upon the addition of various oxidizing 
agents to solutions of hydrastis alkaloids in sulfuric 
acid. Hydrastine developed a transient brown-to 
green color in the presence of potassium dichromate 
and sulfuric acid. We have investigated the possi- 
bility of adapting this reaction to the quantitative 
estimation of hydrastine. Experiments were car- 
ried out to investigate the following variables: (1) 
Increasing and decreasing the amount and concen 
tration of potassium dichromate and of sulfuric acid 
(2) Mixing the two reagents first and then adding 
the mixture to the hydrastine solution. (3) Adding 
dichromate solution to hydrastine first, followed by 
the acid, or reversing this procedure. ; 

Comparison of spectrophotometric readings indi 
cated that the best procedure was to add the dichro- 
mate to the solution of hydrastine, followed by the 
concentrated sulfuric acid. The color so produced 
reaches a maximum within five minutes and is stable 
for at least twenty hours. Spectrophotometric data 
on these solutions indicate maximum absorption at 
600 ma. At this wavelength, the color intensity of 
these solutions follows Beer’s law as indicated in 

Fig. 1. 

Berberine solutions treated with potassium dichro 
mate and sulfuric acid produce the same color reac- 
tion as that described for hydrastine solutions. We 
have sought, therefore, a method for the determina- 
tion of hydrastine in the presence of berberine 

Solutions of berberine salts exhibit maximum ab- 
sorption at 430 my. Berberine can be estimated 


* Florisil, 60-100 Mesh, Floridin Co., Warren, Pa 
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1.0 2.0 3.0 
Mg. of hydrastine 
Fig. 1.—Standard curve for solutions of hydrastine. 


quantitatively at this wavelength, as indicated in 
Fig. 2, and the presence of hydrastine does not inter- 
fere in this determination. 

Our proposed method for the assay of hydrastine 
in hydrastis is therefore based upon the following 
principles: (1) Separation of hydrastine from ber 
berine by adsorpt‘on on Florisil columns, with selec 
tive elution with ammoniacal alcohol. (2) Spectro- 
photometric estimation of the color produced in hy 
drastine solutions by oxidation with potassium di- 
chromate and sulfuric acid. 

The following data support the validity of this pro- 
posed method. 


Reagents 


Florisil, 60--100 mesh, Floridin Co., Warren, Pa. 

Ammonia T.S., U.S. P. 

Ethyl oxide, U. S. P. 

Sulfuric acid, approximately 0.1 N. 

Sulfuric acid, approximately 0.5 N. 

Potassium dichromate, C. P. 1% solution 

Ammoniacal alcohol, a saturated solution of am- 
monia in 95° alcohol, prepared by passing ammonia 
gas into the alcohol. Final concentration about 10% 
NH; as determined by titration with 0.1 N acid. 

Hydrastine (Penick & Co.), purified as follows: 
The alkaloid was dissolved in 1°) sulfuric acid, the 
resulting solution made alkaline with ammonia T. S. 
and extracted with ether. The ethereal solution was 
evaporated to dryness and the residue was recrystal- 
lized from 95°) alcohol. The product so obtained 
melted at 146° which is in agreement with the m. p. 
of 145° reported by Dott (12). 

Adsorption Column.—Pyrex adsorption tubes 
(19 mm. diameter X 20 cm. height) with standard 
tapered glass joint are used. With the aid of a two- 
hole rubber stopper, the tube is inserted at the top 
of a small percolator equipped with a glass stopcock 
which permits the removal of quantities of collected 
liquid. Through the second hole of the stopper is 
attached a controlled vacuum line. In the upper 
end of the adsorption tube is placed a 250-ml. sepa- 
ratory funnel, as a reservoir. A rubber tube, at- 
tached to a glass tube inserted in the rubber stopper 
and provided with a pinch clamp permits the ad- 
justment of the level of the solution to be adsorbed. 
A pad of glass wool is fitted into the bottom of the 
adsorption tube. 
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Gamma of berberine hydrochloride per ml. 
Fig. 2.—Standard curve for solutions of berberine. 


The Florisil is then packed to a height of about 
10-13 em., with sufficient pressure to insure a uni- 
form column. A layer of glass wool is placed at the 
top of the column. One hundred milliliters of am- 
monia T. S. is drawn through the column with the 
aid of suction in order to activate the Florisil. The 
excess ammonia is removed by the use of 200 ml. of 
distilled water. The column is then ready for ad- 
sorption. 


Extraction of the Crude Drug.-—-The official 


method in the N. F. VIII is followed in detail to the 
point where a measured quantity of the ethereal 
extract is taken for analysis. 

Purification of the Alkaloids.—An accurately 


measured aliquot of the ether extract (25 ml. repre- 
senting one-fourth of the weight of the hydrastis 
taken) is transferred te a 250-ml. beaker Ten milli- 
liters of approximately 0.5 N sulfuric acid are added 
and the ether is then completely removed by evapo- 
ration on a water bath. The resulting acid solution 
of the alkaloids is filtered through glass wool, and 
passed through the prepared adsorption column. 
The beaker is rinsed repeatedly with several portions 
of distilled water totaling 300 ml. and each rinsing 
is passed through the column. This is followed by 
50 mil. of ether in order to replace most of the water 
in the column. Suction is continued during this 
procedure until the water-ether interface has de- 
scended to within 2 cm. of the bottom of the column 
The ether is drained off and saved. One hundred 
milliliters of ammoniacal alcohol are then passed 
through the column and this eluate is combined 
with the ether fraction in a 250-ml. beaker. The 
liquid in the beaker is evaporated to dryness on a 
water bath. 

Determination of Hydrastine.—The residue from 
the above evaporation is dissolved in 10 ml. of 
approximately 0.1 N sulfuric acid by heating on a 
water bath. This solution is transferred to a 50 
ml. volumetric flask, completing the transfer with 
an additional 10 ml. of 0.1 N sulfuric acid and suffi- 
cient distilled water to make 50 ml. 

Aliquots of this solution (usually 1-2 ml.) repre 
senting from 1 to 3 mg. of hydrastine are trans 
ferred to a 25-ml. volumetric flask. Four milliliters 
of 1°, potassium dichromate solution are added, fol 
lowed by 5 ml. of concentrated sulfuric acid. This 
mixture is thoroughly shaken and allowed to stand 
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for five minutes in order to develop the maximum 
color. Distilled water is cautiously added to within 
a few milliliters of the mark and the final volume is 
adjusted at 20°. Transmittance is read in a spec- 
trophotometer at 600 mu, against a reagent blank, 
and the corresponding values for hydrastine are cal- 
culated with the aid of the standard curve in Fig. 1. 

Any berberine present in the eluate aliquot is es- 
timated directly by means of spectrophotometric 
readings at 430 my with the aid of the standard 
curve in Fig. 2. 

Using these procedures, 8 assays were carried out 
on a sample of hydrastis. Findings so obtained were 
compared with the results of 6 assays of the sample 
by the official method. Results obtained are shown 
in Table I. 


TABLE I.—COMPARISON OF THE RESULTS OBTAINED 
BY THE NATIONAL FORMULARY METHOD AND THE 
PROPOSED Mernop, IN 8 Assays oF | SAMPLE OF 
HYDRASTIS 


Alkaloids, Hydrastine 
N. F. Method, Plus 

Berberine 

67 

64 

68 

66 

71 

2.66 


Berberine 
05 
05 
04 
06 
05 
OS 
06 
0.055 


Hydrastine 


5 
48 
dl 

53 
55 
53 
5O 
48 
51 
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DISCUSSION 


The proposed method for the estimation of hydras 
tine represents a distinct improvement over the 
official procedure. Gravimetric methods are time 
consuming, and the final weight of ‘‘ether-soluble al 
kaloids’”’ represents hydrastine plus some berberine 
and nonalkaloidal extractive. 

The findings of the Subcommittee on Botanical 
Drugs of the American Drug Manufacturers Asso 
ciation (13) indicate that the extraction procedure 
described in the official assay effects a complete re- 
moval of the alkaloids of hydrastis. We deemed it 
desirable therefore to follow these directions to the 
point where the ether extract is obtained after stand- 
ing overnight. This extract contains the hydrastine 
with other ether-soluble extractives. In the pro- 
cedure in general use the well-known “shaking out” 
method is employed in order to obtain a solution of 
the alkaloid to be determined, free from interfering 
materials. 

The procedure proposed not only simplifies the 
process of purification of the alkaloid hydrastine but 
increases the specificity of the method and effects a 
saving of time. Results obtained by the proposed 
procedure are lower than the results of the official 
assay on the same sample of hydrastis. The differ- 
ence represents the other ether-soluble extractives 
included in the official assay. 

The average amount of the alkaloid hydrastine in 
the sample of hydrastis was found to be 2.51% as 
compared to 2.67% when determined by the of- 
ficial N. F. Method. 
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The colorimetric method for the determination of 
hydrastine is to be preferred because of the uncer- 
tainty of the end point when solutions of hydrastine 
are titrated. The interference due to berberine 
which gives the same color reaction is not serious, 
because the yellow color of this alkaloid permits its 
spectrophotometric estimation at 430 my. By dif- 
ference the amount of hydrastine can be calculated. 
In general such a procedure is not necessary. The 
Florisil column adsorbs both of the alkaloids, but 
only hydrastine is eluted by ammoniacal alcohol. 
The berberine remains in the column, and does not 
appear in significant amounts in the eluate, as is 
shown in Table II. 


TaBLe II.—ReEcovEeRY oF HyDRASTINE AND 
BERBERINE 


Hydrastine 
Added,* 


Amount of 

Solvent Used Recovered, 
in the Elution % ¢ 
100.° 

100 

50 ml. ether 102. 
and 100 100.5 
ml. am- 100.: 
moniacal 100.2 

alcohol 100 
100.6 

49 99. 


Recovered, 


* 50 mg. of berberine hydrochlorids were added to each 
amount of hydrastine 

Complete adsorption of alkaloids on the columns is evi 
denced by the absence of a precipitate on the addition of Val- 
ser's reagent to the filtrate 


SUMMARY 


The separation of hydrastine from berberine 
has been accomplished by selective adsorption 
and elution of these alkaloids, using columns of 
activated Florisil. 

A colorimetric procedure for the estimation of 
hydrastine so separated is described 

Results obtained by the proposed method are 
slightly lower than those obtained by the official 
method. The difference represents the berberine 
and nonalkaloidal ether-soluble extractives which 
are included in the official determination. 
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Cultivation Studies of the Solanaceous Drugs. 
I. Post-Harvest Alkaloid Movement in 
Belladonna and Datura Species*t 


By W. R. BREWER{ and L. DAVID HINER§ 


A series of experiments was carried on over 
a period from 1942 to 1947 involving bella- 
donna and three species of Datura to deter- 
mine the value of curing leaves while intact 
with the rest of the plant. The significance 
of the results was tested statistically. 
The tests showed that the drying of leaves 
intact on the plant increases their alkaloidal 
assay over the leaves which were dried sepa- 
rately; that the effect is not due to the position 
of the plant during drying or to gravity; that 
the enriching of the leaf with alkaloids is ac- 
companied by a decrease in the alkaloids of 
the root or stem, which suggests relocation; 
and that the effect occurs in at least four 
species of solanaceous plants. 


F MANY years, herbalists and herbal publi- 
cations have advocated the curing of medi- 
cinal leaves by suspending the entire, excavated 
plants, top downward, in dry sheds from cords 
tied around the stems or roots. In a series of 
studies carried on in Ohio during 1942 with the 
drug, Atropa belladonna, L., the plants were cured 
at first by separating the fresh leaves from the 
stems and drying the two parts, thus separated, 
on trays. Later, due to the dwindling supply of 
labor available during this period a more rapid, 
labor-saving method was employed. The stems 
were cut near their bases and the plants were tied 
to, or were impaled on, nails driven through long 
wooden racks. In this way, they were cured 
hanging upside down and the leaves were stripped 
from the stem after drying. When the assays of 
these various products were compared, an indi- 
cation was found that when whole plants were 
hung up to cure, there was a greater percentage of 
alkaloids in the leaves dried intact on the stem 
than in the leaves dried on the trays, separated 
from stems. Also, the stems of the plants cured 
intact were found to have a lower assay of alka- 
loids than those cured separated from their leaves. 
In order to confirm these results and investi- 
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gate the passage of alkaloids from the stems into 
the leaves, further studies were developed in 
1943 and concluded in 1947. 

Authentically labeled seed samples of Atropa 
belladonna, L., Datura stramonium, L., Datura 
inermis, Jacq., and Datura tatula, L., were ob- 
tained in 1942 from the research divisions of S. B. 
Penick & Company of New York City, Eli Lilly 
& Company of Indianapolis, and from the Bureau 
of Plant Industry of the United States Depart- 
ment of Agriculture at Beltsville, Md. Mature 
plants in the flowering stage were authenticated 
macroscopically by taxonomists of the horticul- 
ture and botany departments of Ohio State Uni- 
versity as a double check. 


EXPERIMENTAL 


Plots of 30 plants each, of both one- and two-year- 
old individuals, of A. belladonna were harvested to 
provide leaf and stem parts which were cured sepa- 
rated on drying trays and also parts which were 
cured intact by impaling the whole plant on racks 
and separating leaf from stem after drying. Results 
of the assays of this material are shown in Table I. 
(All assays in this experiment were carried out ac- 
cording to the official method of the U. S. P. XII.) 


TABLE I.—-ALKALOIDAL ASSAYS OF BELLADONNA 
LEAF AND STEM AFTER SEPARATED AND INTACT 
CurRING 


———Separated, 
Leaf Stem* 
0.32 0.50 
0.34 0.538 
0.33 0.48 
Av. 0.33 0.50 


———_Intact, 
Leaf 5 


0.47 
0.38 
0.38 


@ Part of root attached 


Since the roots of belladonna have been known to 
contain a higher percentage of alkaloids than other 
portions of the plant, it was believed that the high 
content could be transferred to the leaves by hanging 
the whole plant, including the roots, tops downward, 
from the drying racks. A total of 60 plants in two 
adjacent plots were harvested by excavating the 
whole plants. Those from one plot were cured by 
hanging the entire plant, including roots, stems, and 
leaves, tops downward from drying racks. Those 
from the other plot were cured by drying their roots, 
stems and leaves in three different drying trays. 
The results of the assays of this material are shown 
in Table II. 


541 


Fig. 1. 


These figures offer evidence of alkaloid movement. 
To determine the reliability of this evidence, a sta- 
tistical test was made of the difference between the 
means of the above assays of leaves separated before 
curing and of leaves cured before separation. The 
tabulation of the leaf assays, their means, and the 
statistics involved in their testing appears in Table 
III. 


Drying racks used for curing belladonna. 


The last line of Table 111 shows a probability of less 
than 1°) in an experimental sampling of the extent 
described and that the difference in the mean assays 
could be as large as it is by chance. Such a small 
probability offers significant evidence that the dif- 
ference in assay means is due to the method of curing 
and not due to chance, and that drying leaves intact 
on the plants increases their alkaloidal assay 


Tasie II.—ALKALoIpaAL Assays OF BELLADONNA LEAF, STEM, AND Root APTER SEPARATED AND INTACT 
CURING 


Separated, “ 
Stem 
0.19 
0.16 


0.175 


I1].—-Post-Harvest ALKALOID MOvEMENT 
IN LEAVES CURED, SEPARATED, AND INTACT 


— 


Assays in Parts per 10,000 
Leaves Separated Plants Dried on 
Before Drying on Racks, Then Leaves 
Separated 


Mean 41.6 
= 4.29 

. 28 
= Less than 1% 


0.195 


A similar experiment was conducted in 1943 using 
plants in three different stages of development. 
Although roots were present on the plants which 
were cured intact, only leaf and stem samples were 
assayed. Results of the assays appear in Table IV. 

From this table, it appears that the post-harvest 
mobility of belladonna alkaloids increases with in- 
creasing age of the plants beginning with plants in 
the preflowering stage and inciuding time through 
the fruiting stage of development. 

Two explanations seemed possible for the phenom- 
enon of alkaloid movement in plants hanging upside 
down: (1) that some physiological process was 
tending to draw the alkaloids down into the leaves, 
and (2) that the movement was an effect of gravity. 
To determine the value of this latter explanation, 
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24 Leaf Root Leaf Stem Root 
0.36 0.61 0.42 0.17 0.47 
rm 0.34 0.50 0.43 0.22 0.35 
Av. 0.35 0.555 0.425 0.41 
32 47 
ning 34 38 
33 38 
ee 36 42 
| 34 43 
Mean 33 8 
D.F 
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TABLE IV. 


Development Stage 
Immature Green stems 
Leaves 
Green stems 
Leaves 
Green stems 
Leaves 


Flowering 


Fruiting 


Parts Cured Separately 


plants were cured while being maintained in an up- 
right position. If the effect were due to gravity, the 
alkaloids should have moved into the roots. See 
Table V. The results indicate that neither the po- 
sition of the plant nor gravity controls the movement 
of alkaloids into the leaves during the drying process. 


TABLE V.—Post-Harvest ALKALOID MOVEMENT IN 
BELLADONNA PLANTS CURED IN AN UPRIGHT 
POSITION 
Plant Parts Cured Separately Whole Plants Cured Upright 

on Trays, % Before Separation, “) 
Roots 0.52 0.33 
Stems 0.17 0.21 
Leaves 0.35 


Roots 
Stems 


Leaves 0.41 


To aid in the positive establishment of the fact 
that alkaloids move within the plant during curing, 
a test was devised utilizing only one set of plants, 
thereby eliminating the confusing factor of natural 
variation in alkaloidal content of different sets of 
plants. One half of the leaves of one group of bella- 
donna plants in 1943 and of two groups in 1947 were 
stripped from the stems and dried separately on 
trays while the other half of the leaves from these 
plants were left intact to cure on the plants hanging 
from racks. The assays of these two sets of leaves, 
their group means, and the statistics of the test for 
significance of a difference between means appear in 
Table VI. 


TaBLe VI.—Post-Harvest ALKALOID MOVEMENT 

SHowN BY Assays OF BELLADONNA LEAVES CURED 

Intact CoMPARED TO ASSAYS OF LEAVES FROM THE 
SAME PLANTS CURED AFTER SEPARATION 


Assays in Parts per 10,000 
Half of Plants’ Leaves Half of Plants’ Leaves 
Dried After Separation Dried Intact, Then Separated 
37 49 
31 41 
36 42 


34.7 Mean 44.0 
t = 2.985 
D. F. =4 
P 


= 2% 


The 2% probability appearing in the last line of 
the table indicates, significantly, that the half of the 
plants’ leaves cured intact assayed higher than the 
other half cured separately—by a difference which is 
due to the treatment and not to chance. In 1947,a 
similar experiment with 30 plants each of three dif- 
ferent species of the genus, Datura, was designed to 
replicate the “‘half-of-leaves” test on belladonna de- 
seribed in Table VI. The leaf assays, group means, 
and statistics appear in Table VII. 
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Post-HARVEST ALKALOID MOVEMENT IN BELLADONNA AT VARYING STAGES OF DEVELOPMENT 


Assays in Parts per 10,000-———-_-—_-_-—— 
Whole Plant Cured, Then Separated 
Green stems 
aves 
Green stems 
Leaves 
Green stems 
Leaves 


TABLE VII.—Post-Harvest ALKALOID MOVEMENT 
IN THE Test witu Datura 
SPECIES 


-——Assays in Parts per 10,000——. 
Half of Leaves Half of Leaves 
Dried After Dried, Then 
Separation Separated 
D. stramonium, L. 61 
D. inermis, Jacq. ¢ 59 
D. tatula, L. 62 


Mean 60.7 


Species 


The probability of only 4°) that the difference be- 
tween group means could be as great as it is by 
chance, in the population from which the samples 
were taken, is considered to be significant evidence 
that the alkaloid was relocated in the intact leaves. 


SUMMARY AND CONCLUSIONS 


In order to investigate an observed difference 
in the alkaloidal content of leaves cured, sepa- 
rated, and intact on belladonna plants and, coinci- 
dentally, to determine the value of a traditional 
method of curing leaves by hanging whole herbs 
from rafters of drying sheds, leaves of belladonna 
and of Datura species were used in various curing 
studies over a period from 1942 to 1947. The 
results of the studies were subjected to statistical 
interpretation to determine their significance in 
the investigation. 

The results of the various studies show: 


1. That the drying of leaves intact on the 
plant increases their alkaloidal assay over the 
leaves which were dried separately. 

2. That this effect is not due to the position 
of the plant during the drying procedure nor to 
gravity. 

3. That the enriching of the leaf with alka- 
loids is accompanied by a decrease in the alka- 
loids of the root or stem, which is suggestive of 
relocation. 

4. That the effect occurs in at least four 
species of solanaceous plants, Atropa belladonna, 
Datura stramonium, Datura inermis, and Datura 
tatula. 


37 
31 
39 
35 
30 
30 
t = 2.306 
D. F. = 4 
P| = 4% 
— 


One and one-half million units (0.62 Gm.) 
of procaine penicillin were administered 
intramuscularly to each of 36 normal male 
adults. Three hours later samples of blood 
were collected and immediately analyzed for 
penicillin content and for procaine or its 
derivatives. It was found that a major por- 
tion of the procaine was converted to N-acetyl 
procaine. In seven instances out of 36 blood 
samples analyzed, low concentrations of p- 
aminobenzoic acid were detected. These 
results indicate that procaine penicillin may 
be administered with sulfadiazine, sulfa- 
thiazole, and sulfapyridine, but may be antag- 
onistic toward sulfanilamide. 


Paccane PENICILLIN was introduced in April, 

1948, as a certified penicillin product in the 
Later 
other procaine penicilli1 preparations such as pro- 
caine penicillin for aqueous injection and pro- 
caine penicillin in oil with aluminum monostear- 


form of a suspension of the salt in oil. 


ate were developed. Prior to the certification of 
these drugs, consideration was given to the pos- 
sible antagonistic action of the procaine portion 
of the molecule for the sulfonamides (1). This 
antagonistic action might be significant in those 
relatively infrequent occasions where the severity 
or type of disease might warrant the concomitant 
administration of both drugs. On _ theoretical 
grounds it was decided that the amount of pro- 
caine absorbed from the usual human dose of the 
relatively insoluble procaine penicillin in oil (300,- 
(00 units), would be so small that it would not 
any antisulfonamide action. However, 
since it was proposed to utilize as much as 1.5 to 
2.4 million units of procaine penicillin in oil in a 
single injection in the treatment of early syphilis, 
it was thought desirable to undertake the present 
experimental work. 

It has been shown (2) that when procaine is 
introduced into the body it is rapidly metabolized 
to other compounds, such as p-aminobenzoic acid 
and N-acetyl-p-aminobenzoic acid. Since N- 
acetyl-p-aminobenzoic acid has almost no antago- 
nistic effect toward the sulfonamides, any in vivo 
antagonism may be ascribed almost entirely to 
free p-aminobenzoic acid. On the basis of in 
vitro studies Wyss, et al. (3), have reported that 
the molar ratios of several sulfonamides required 
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to overcome the antagonistic action of p-amino- 
benzoic acid were of the following magnitude: 
sulfanilamide 4000-1, sulfaguanidine 4000-1, 
sulfacetamide 500-1, sulfapyridine 400-1, sulfa- 
diazine less than 100-1, and sulfathiazole 50-1. 
Thus, if these in vitro ratios are the same in vivo 
it would take more than 1 y of p-aminobenzoic 
acid per ml. of blood to antagonize the effect of 
100 » (10 mg. per cent) of sulfadiazine or sulfa- 
thiazole, but only 0.02 y/ml. to neutralize the 
same amount of sulfanilamide. 


EXPERIMENTAL 


Thirty-six normal male adults were injected intra- 
muscularly with 1.5 million units of procaine penicil- 
lin (aqueous) representing 0.62 Gm. of procaine. 
Three hours later, samples of blood were collected 
and immediately analyzed for their penicillin content 
and for procaine or its derivatives. 

Except for the recently described method of 
Brodie (2) for procaine, the existing chemical pro- 
cedures for p-aminobenzoic acid were not sufficiently 
sensitive to be of value in the present study. In the 
method described herein, procaine and its metabolic 
products are separated into three groups by extrac- 
tion with immiscible solvents at different pH values. 
Those fractions containing p-aminobenzoic acid 
derivatives are hydrolyzed to liberate free p-amino- 
benzoic acid which is determined by diazotization 
and coupling with N(1-naphthyl)ethylenediamine to 
form a highly colored derivative. Concentrations of 
less than 0.1 y/ml. of p-aminobenzoic acid may be 
detected by this method. 

Method.—To 5 ml. of the serum under test (if 
insufficient serum is available, make up to 5 ml. with 
water) add 6 ml. of isopropanol and 1 ml. of chloro- 
form. Centrifuge to remove the precipitated pro 
tein. (Nore: The relative volumes of the aqueous 
and the nonaqueous liquids are close to the limits of 
their mutual solubility, and occasionally two liquid 
phases will separate. When this occurs, the addition 
of 1 ml. of isopropanol will restore miscibility.) 
Transfer the clear supernatant to a separatory fun- 
nel and add 10 ml. of water. Add 5 drops of con- 
centrated ammonium hydroxide and extract with 
two 35-ml. portions of chloroform. Filter the 
chloroform extract through a dry filter paper or a 
cotton plug into a flask and evaporate the solvent 
on a steam bath with a current of air impinging on 
the surface to prevent boiling or creeping (Fraction 
A). Strongly acidify the residual aqueous solution 
in the separatory funnel by the addition of 20 drops 
of concentrated hydrochloric acid and extract with 
two 35-ml. portions of chloroform-isopropanol (3 
to 1 by volume). Filter and evaporate as above 
(Fraction B). To the remaining aqueous solution 
add 5 ml. of a 25% dibasic potassium phosphate 
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buffer solution and adjust the pH between 3.2 and 
4.5 by the dropwise addition of ammonium hy- 
droxide or hydrochloric acid solution, as needed. 
Extract with two 40-ml. portions of ether. Filter 
and evaporate as above (Fraction C). To each 
residue add 1 ml. of 1 WN hydrochloric acid. 
Cover the flasks containing Fractions A and B with 
watchglasses and heat on a steam bath for fifteen 
minutes to hydrolyze the contents to p-aminobenzoic 
acid. Cool. To each add 1 ml. of 0.1% sodium 
nitrite solution. After one to two minutes add 1 
ml. of 2% sulfamic acid solution. Shake occasionally 
for two minutes. Finally, add 0.5 ml. of a 0.1% 
aqueous solution of N( 1-naphthyl) ethylenediamine 
dihydrochloride. At this stage the solutions will be 
cloudy due to suspended material extracted from the 
blood. To remove this, transfer the coupled solu- 
tion to a small glass-stoppered test tube. Shake 
vigorously with a small volume (0.5 to 1 ml.) of 
chloroform and centrifuge to separate the phases. 
Draw off the clear supernatant aqueous layer with a 
drawn-out glass tube fitted with a rubber bulb and 
transfer it to matched tubes 10 by 100 mm. The 
color developed by the smaller amounts of p-amino- 
benzoic acid (less than 0.1 y) may be detected visu- 
ally in a good light against a white background. 
Prepare standards by adding known amounts of p- 
aminobenzoic acid or its derivatives to blank serum 
and subject them to the entire analytical procedure. 
The p-aminobenzoic acid content of the samples was 
estimated by visual comparison with the standard. 

It must be pointed out that the identities of the 
components of the three fractions have been as- 
sumed from their behavior in the several extractions, 
rather than specifically proved by their isolation. 
There is ample evidence, however, as to the correct- 
ness of these assumptions. Fraction A will consist of 
only neutral or basic substances. Free procaine or 
N-acetyl procaine would be found here. In several 
preliminary experiments no free procaine was found. 
In a separate experiment, serum prepared from eight 
individuals treated with procaine penicillin was 
pooled and the alkaline extract corresponding to 
Fraction A was divided into two equal parts. One 
portion was diazotized and coupled after hydrolysis 
as described and the other portion treated without 
hydrolysis. An appreciable color was developed in 
the hydrolyzed portion, while no trace of color was 
developed in the nonhydrolyzed portion. This ab- 
sence of free procaine is in accord with the findings 
of Brodie, et al. (2), who reported that no procaine 
was found in blood one hour after infusion of 2 Gm. 
of procaine. Since the common detoxication product 
of aromatic amines is the acetylated derivatives, the 
substance found in Fraction A is considered N- 
acetyl procaine. 

In Fraction C will be found acids which contain a 
weakly basic group as shown by the fact that they 
may be extracted from aqueous solution at approxi- 
mately pH 3.5, but not from alkaline or strongly 
acidic solution. Fraction B will be composed of 
acids in which this basic group is masked by a group 
which may be removed by hydrolysis. Brodie, et al. 
(2) intimate that p-aminobenzoic acid is conjugated 
as acetyl p-aminohippuric acid as well as N-acetyl p- 
aminobenzoic acid. These two compounds would be 
found in Fraction B. Analogously, it would be ex- 
pected that p-aminohippuric acid would be found in 
Fraction C together with the free p-aminobenzoic 
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acid. This would be significant if true, since Beyer, 
et al. (4), have reported that p-aminohippuric acid 
does not antagonize the bacteriostatic effect of the 
sulfonamides in vitro. However, Meunzen, et al. 
(5), found only N-acetyl p-aminobenzoic acid, and 
no N-acetyl p-aminohippuric acid, in the urine of 
man following ingestion of p-aminobenzoic acid; 
the compound was isolated in the pure crystalline 
state and its identity proved directly. Cohen, et ai. 
(6) showed that under conditions similar to those 
in which Fraction C is obtained, p-aminobenzoic acid 
is readily extracted, while p-aminohippuric acid is 
extracted to only a very slight extent. Therefore, if 
the compound found in Fraction C were actually p- 
aminohippuric acid rather than p-aminobenzoic 
acid, it would be necessary that a major proportion 
of the injected procaine be converted to p-aminohip- 
puric acid, contrary to the findings reported here and 
in many other reports (e.g., refs. 5, 7, 8). Further, 
Williams (9) points out that there is no evidence 
that p-aminohippuric acid is formed. It is therefore 
believed that the identities of the components are 
correctly assigned. 

It is evident from the accompanying table that 
the major portion of the procaine was converted to 
N-acetyl p-aminobenzoic acid. This compound was 
present in every sample in concentrations from 0.2 
y/ml. to 1.5 y/ml. N-acetyl procaine was found in 
26 of the 3C samples; 22 in concentrations of 0.1 y/ 
ml. or less and no higher than 0.4 y/ml. in the re- 
maining four. Free p-aminobenzoic acid was found 
in only 7 of the 36 cases; 6 showing a concentration 
of 0.1 y/ml. or less and the remaining one 0.3 y/ml. 
The antagonism of N-acetyl procaine or N-acetyl p- 
aminobenzoic acid toward the sulfonamides is neg- 
ligible, about '/\0,00 that of free p-aminobenzoic 
acid (10). Further, it has been shown by Zehender 
(8) that N-acetyl p-aminobenzoic acid is not hydro- 
lyzed to free p-aminobenzoic acid in vivo or in vitro 
at the pH of blood when incubated at 37° for eight 
days; hence there is no probability of p-aminoben- 
zoic acid being regenerated from N-acetyl p-amino- 
benzoic acid. Lawrence, ef al. (11), showed that N- 
acetyl procaine lacks antagonistic effect. Zehender 
(8) also pointed out that the degree and rate of acet- 
ylation is dependent upon the amount of acetylation 
precursor in the blood, and that smaller doses are 
acetylated to a greater degree than larger doses. 
Since the usual daily dose of aqueous procaine peni- 
cillin is only 300,000 units or one-fifth of the amount 
used in these experiments, it is likely that the amount 
of free p-aminobenzoic acid would be much smaller 
and the safety factor greater than would be indicated 
by the results obtained. It should be noted that 


TABLE I.—-CONCENTRATION OF PROCAINE DERIVA- 
TIVES IN THE SERUM OF PATIENTS RECEIVING 1.5 
MILLION UNits oF AQUEOUS PROCAINE PENICILLIN 


No. of Average Concentration in y/ml. Serum 
/-Ace’ 


Penicillin, Speci N-Acetyl 
Units/ml mens P.A. B.A. P.A. B.A. 
0.5 
1.0 


N-Acetyl 
Procaine 
0.03 
0.13 
0.085 
0.10 
0.07 


3 0.93 0.33 
7 0.0 0.30 
4 0.007 0.55 
9 0.60 
3 0.90 


0.055 
0.07 


= 
2.0 l 
4.0 
8.0 
pin 


546 JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


there appears to be some correlation between the 
penicillin blood level and the concentration of N 
acetyl p-aminobenzoic acid, while this is not seen 
with p-aminobenzoic acid or N-acetyl procaine. 
The findings indicate, therefore, that procaine peni- 
cillin may be safely administered in conjunction 
with sulfadiazine, sulfathiazole, and sulfapyriline, 
but may result in the production of concentrations 
of p-aminobenzoic acid which in vitro have been 
found to cause antagonism toward sulfanilamide. 


SUMMARY 


Three hours after the intramuscular adminis- 
tration of 1.5 million units of procaine penicillin, 
the greater proportion of the procaine is con- 
verted to N-acetyl-p-aminobenzoic acid. A very 
small amount is converted to N-acetyl procaine, 
while in 7 out of 36 cases very low concentrations 
of free p-aminobenzoic acid were found. These 


A new method for the quantitative determina- 
tion of human and animal surface lipids is 
described. Average lipid values for men and 
women have been determined and frequency 
distribution curves are presented. The effects 
of soaps, astringents, and temperature on the 
lipid production of human beings have been 
studied. The action of sex hormones, thy- 
roxin, and thiouracil on the sebaceous gland 
activity of the albino rat has also been con- 
sidered. 


HE FACTORS which control the rate of secre 

tion of the surface lipids have not been iden- 
tified conclusively, but several possibilities have 
been advanced. These include sex hormones 
(1-3), amount of fats consumed (4-6), environ- 
mental temperature (4, 6, 7), and the activity of 
the thyroid gland (8, 9). 

The methods of estimating the surface lipids 
have for the most part been time-consuming and 
unreliable. They have included gravimetric 
(4, 6-8), titrimetric (10, 11), nephelometric (12), 
and one involving surface tension effects (13). 
Since these methods appeared to be unsatisfac- 
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A Study of the Surface Lipids of Skin* 


By J. E. PRITCHARD}, L. D. EDWARDS, and J. E. CHRISTIAN 


findings indicate that procaine penicillin may be 
safely administered with sulfadiazine, sulfathia- 
zole, and sulfapyridine, but may be antagonistic 
toward sulfanilamide. 
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tory either from the standpoint of speed and pre- 
cision or because of a lack of specificity for surface 
lipids, a new method was developed. This 
method has been used to obtain normal lipid 
values for humans and animals and to study the 
effect of various factors on the activity of the se- 
baceous glands. 


EXPERIMENTAL 


Human Surface Lipids 

Analytical Method.The area to be sampled is 
defined by means of a circular wire form which is 
held against the skin with an elastic band. A filter 
paper having a diameter of 2.45 cm. is mounted on 
the sampling apparatus ( Fig. 1) and pressed against 
the skin by the action of the syringe plunger which is 
activated by a gas pressure of 20 Ib. per sq.in. The 
filter paper is rotated one-quarter turn after each half 
minute of contact until a total of four contacts and a 
net contact time of two minutes have been com 
pleted. This technique has been shown to remove 
virtually all the available lipids from the surface of 
the skin. The filter paper is next washed with 15-20 
cc. of ether and this ethereal solution of the lipids is 
assayed for esters. 

The determination of the esters is accomplished 
spectrophotometrically by a method adapted from 
that of Hill (14). To the ether solution of the lipids 
is added 1 cc. of alcoholic sodium hydroxide which 
is prepared by first dissolving 15 Gm. of sodium hy- 
droxide in 50 cc. of water, pipetting 2 cc. of this solu- 
tion into a 50-ml. flask, and then filling to the mark 
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Fig. 1—-The sampling apparatus for 
humans. 

A, Sponge rubber pads which hold fil- 
ter paper; 8B, 5-cc. syringes; C, rub- 
ber tubing; D, three-way stopcock; E£, 
pressure regulator; F, cylinder of com- 
pressed gas. 


with 95° ethanol. One cubic centimeter of hy- 
droxylamine solution which is prepared by dissolv- 
ing 0.6 Gm. of hydroxylamine hydrochloride in 50 
ec. of ethanol is also added. The mixture is then 
evaporated on a hot plate maintained at a tempera- 
ture of 160 + 10°. The sample is removed from the 
hot plate and cooled in water a few seconds before 
dryness is reached. After the residue has cooled for 
two or three minutes, 20 cc. of ferric perchlorate 
solution is added to produce the red complex. This 
solution is prepared according to the procedure of 
Hill (14). The intensity of color which is developed 
by the sample is compared to that developed from 
known quantities of cholesteryl stearate; thus, the 
lipid values reported in this work refer to the choles 
teryl stearate equivalent. 

The reagents used in the assay procedure were the 
commercially available U. S. P. or “reagent’’ grade 
materials, and none, with the exception of the ether, 
required any special treatment before use. Most of 
the available ether contained measurable quantities 
of esters, but these were readily removed by distill- 
ing the ether from alcoholic potassium hydroxide. 
The cholesteryl stearate which was used as the pri- 
mary standard was prepared by the method of Cata- 
line, et al. (15). Sodium chloride, moisture, oleic 
acid, and urea in the quantities available from hu- 
man skin do not interfere. 

The over-all speed and precision of the method is 
indicated by the fact that duplicate determinations 
on 20 human subjects can be completed in three 
hours. The average deviation of the two values of 
each pair from their mean is of the order of 6%. 

Normal Lipid Values.—Lipid values were deter- 
mined for two adjacent forehead areas of 56 women 
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and 151 men. In each case the forehead area of the 
subject was wiped free of oil, cosmetics, and the like 
at 1 p. m. on the day of the test. The subject re- 
mained in the laboratory for the next three hours 
during which time he was instructed to refrain from 
touching the test area or interfering with the normal 
replenishment of the lipids in any way. The actual 
testing was then accomplished in the manner pre- 
viously described. The sampling interval was set 
at three hours, since it was found that this was the 
minimum time which would allow complete r -covery 
of the normal lipid level for all individuals. 

The results of this study are recorded in the form 
of frequency distribution curves (Table I and II, 
Fig. 2) which utilize 10 cells representing values of 
0.0 to 0.5 mg. of lipids per sq. cm. of area. Both 
the curves, particularly that for women, show a 
skewness in a positive sense. The over-all range for 
both men and women is 0.05 to 0.50 mg./cm.?, but 
the mean for men is 0.19 mg./cm.*, while that for 
women is 0.17 mg./cm.*? The median and the mode 
for men are 0.18 mg./cm.* and 0.17 mg./cm.?, while 
for women these values are 0.15 mg./cm.? and 0.11 
mg./cem.*, respectively. These differences are not 
great but nevertheless appear to be real. No rela- 
tionship between age or color of hair and lipid values 
could be found. 

Effect of Soaps on Surface Lipids.—The forehead 
areas of 5 individuals were divided into two equal 
parts for the purpose of the experiment. One area 
was washed with a cotton swab carrying the soap 
solution to be tested, rinsed with distilled water, 
and dried by gently wiping with fresh cotton swabs. 
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Fig. 2.—Frequency distribution curves for men and 
women 


This procedure was intended to simulate common 
cleansing practices. The other forehead area was 
freed of the accumulated lipids and foreign matter by 
means of absorbent paper. After a period of two 
hours the quantity of lipids which had accumulated 
on the surface of the two areas was determined. 

The soap solutions studied were 0.02 M solutions 
of sodium stearate, sodium palmitate, sodium myris- 
tate, sodium laurate, and sodium caprate, and a 0.02 
M solution of sodium stearate containing lanolin to 
the extent of 10°) by weight of the soap. In every 
case the washed area of skin exhibited virtually the 
same lipid value after the two-hour recovery as did 
the unwashed area. 

Effect of Astringents on Lipid Production. The 
forehead areas of 5 individuals were cleansed with 
absorbent paper just prior to the application of the 
astringent solution. The material to be tested was 
then spread on one-half of the area by means of a 
cotton swab and allowed to dry. After a period of 
two hours the lipid levels on both the treated and 
untreated areas were determined 

The first astringent solution tested, 10°, alumi- 
num chloride, did not alter the rate of lipid replen 
ishment to any appreciable extent. Since it seemed 
possible that this lack of activity might be due to the 
inability of the aqueous solution to wet the skin sur- 
face uniformly, a second solution containing 10° 
aluminum chloride in a 1° solution of a wetting 
agent (Aerosol AY) was studied. This material was 
likewise without appreciable effect on the final lipid 
values attained. 

Effect of Temperature on Lipid Values.—Twenty 
four persons who had been tested at various times 
during the winter months were again examined dur- 
ing relatively warm weather. The prevailing tem- 
peratures in the former case were generally in the 
vicinity of 5°, while in the latter instance it was 29°. 

Decreases in lipid values were observed in 7 cases, 
increases were found in 2, and 15 exhibited no signi- 
ficant change. The average of the group was the 
same for both the warm and cold test periods. 


Animal Surface Lipids 


Analytical Method.— The surface lipids of animals 
are determined indirectly by measuring the quantity 
of esters in a given weight of the animal hair. Ap- 
proximately 100 mg. of hair is needed for the test 
and this is obtained by clipping small samples from 8 
or 10 scattered areas on the back and sides of the 
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animal. The sample is then weighed to the nearest 
milligram and immersed in a few cubic centimeters of 
ether. After this ethereal solution and two sub- 
sequent ether washings have been filtered through a 
sintered glass filter, the filtrate is assayed for esters 
by the procedure previously described. 


Effect of Sex Hormones on the Lipid Values of 
Albino Rats.—It has been reported that the sebace- 
ous glands of human beings exhibit increased activ- 
ity at the time of puberty (1, 3), and it is generally 
assumed that this phenomenon is closely associated 
with the increase in the supply of hormones which 
occurs during this period. The 32 albino rats which 
were utilized in this study were between five and six 
weeks of age, initially, and were studied over a 
period of six weeks. The animals were divided into 
5 groups for the purposes of the experiment. Group 
1 consisted of 5 males which were used as controls 
Group 2 included 5 males receiving peanut oil in 
quantities*of 0.2 cc. weekly for the first three weeks 
and 0.4 cc. twice weekly for the last three weeks 
Group 3 contained 9 males receiving 0.5 mg. of testo- 
sterone propionate in 0.2 cc. of peanut oil weekly for 
the first three weeks and 1.0 mg. in 0.4 cc. twice 
weekly for the final three weeks. Group 4 was com- 
posed of 4 females receiving 0.2 cc. of peanut oil 
weekly for three weeks followed by 0.4 cc. twice 
weekly for the last three weeks. Group 5 consisted of 
9 females receiving 0.05 mg. of theelin in 0.2 cc. of 
peanut oil weekly for three weeks and 0.1 mg. in 0.4 
ec. of oil twice weekly during the final three weeks. 
All of the dosages of hormones are in the range re- 
ported by Griffith and Farris (16) to give typical 
therapeutic results. They were increased at the end 
of the first three-week period because preliminary 
tests indicated that no appreciable changes in the 
lipid values had occurred. 

The average per cent of lipids in the hair initially 
and at the end of six weeks was as follows for each 
group: Group 1, 1.0 and 1.2; Group 2, 1.1 and 1.4; 
Group 3, 1.3 and 1.7; Group 4, 0.8 and 0.9; Group 
5, 1.2 and 0.9. All of these changes are relatively 
small and even the highest final value is considerably 
below the average of 2.3% which was observed for 
mature animals. It must be concluded that the 
administration of peanut oil and hormones to imma- 
ture albino rats in the manner which has been de- 
scribed produces no significant changes in the lipid 
content of the animal hair. 


Effect of Thyroxin and Thiouracil on Lipid Values 
of Albino Rats.—The 25 mature animals which were 
utilized in this study were divided into 3 groups. 
Group 1 was composed of 5 animals which were used 
as controls. Group 2 consisted of 10 animals which 
received 0.1 mg. of thyroxin subcutaneously each day 
for the first three weeks and 0.2 mg. daily for the 
last three weeks. Group 3 was composed of 10 
animals receiving 0.1 Gm. of thiouracil orally each 
day for the first three weeks, 0.2 Gm. daily during 
the fourth week, and 0.1 Gm. daily for the final two 
weeks. All of these quantities are in a range which 
has been reported to be therapeutically active (17, 
18). The dosages of thyroxin and thiouracil were 
increased at the end of the first three-week period 
because preliminary tests indicated that little if any 
change had occurred in the lipid values during this 
time. However, the death of two of the animals in 
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the thiouracil group indicated that the dosage of 
this drug should be maintained at the lower level. 

The average lipid values of both the control and 
the thyroxin-treated animals remained exactly 
constant at 2.0°% and 2.1%, respectively. The av- 
erage body weight of the control group increased 
from 325 Gm. to 355 Gm., while that of the animals 
receiving thyroxin decreased from 308 Gm., ini- 
tially, to 288 Gm. at the end of the six-week period. 
The lipid values of the 8 animals which survived the 
thiouracil treatment increased from an average of 
2.3% to 3.0%, while the average body weight de- 
creased from 299 Gm. to 280 Gm. In view of the 
fact that both of the other groups of animals exhi- 
bited constant lipid values throughout the period of 
the test, the increase shown by the thiouracil group 
is believed to be significant. 


SUMMARY 


1. A method has been developed for the quan- 
titative determination of human and animal sur- 
face lipids. 

2. The over-all range of forehead lipid values 
for both men and women was found to be 0.05 to 
0.50 mg./cm.*. The mean for men is 0.19 mg./ 
cm.?, while that for women is 0.17 mg./cm.?. 

3. The application of soaps and astringents to 
the skin as well as changes in environmental tem- 
peratures were without effect on the lipid values 
of a limited number of human subjects. 
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4. Testoterone and theelin administered to 
immature male and female rats, respectively, 
produced no appreciable change in the lipid 
values of the animals. 

5. Administration of thyroxin to albino rats 
produced no change but treatment with thiouracil 
resulted in significant increases in the lipid values 
of the animals. 
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Observations on the Leaves of 


Species of Viburnum. 


By HEBER W. YOUNGKEN 


A re 


rt is given of further studies on leaves of medicinal Viburnum species. 


The histology of the leaf of Viburnum trilobum is described. The results of addi- 
tional studies on the vein islet numbers, palisade ratios, and stomatal indices of 
Viburnum prunifolium, V. rufidulum, and V. cassinoides are given. 


I A PAPER dealing with the leaves of several 

medicinal species of Viburnum (1), the author 
described the physical characteristics, the his 
tology, and the vein islet numbers of the leaves 


of Viburnum prunifolium, V. rufidulum, and V. 
cassinoides and presented a preliminary report on 
the palisade ratios and stomatal indices of these. 
He has extended his studies to the leaves of these 
and other medicinal Viburnums and, in this pa- 
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per, presents the results of observations on the 
leaves of Viburnum trilobum Marshall and on the 
vein islets, palisade ratios, and stomatal indices 
of Viburnum lentago L., V. pruntfolium L., V. 
rufidulum Raf., V. cassinoides L., and V. trilobum 
Marsh. 

The leaves of all of these were gathered by the 
author from plants growing in the Arnold Arbore- 
tum of Harvard University and in the medicinal 
plant garden of the Massachusetts College of 
Pharmacy at Jamaica Plain, Mass. The meth- 
ods employed were similar to those discussed in 


E. Della Pella, 65 (11), 1509(1924) 
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the previous paper on this subject by the writer, 
with the following exceptions: At least five leaves 
of each species were used in making palisade ratio 
and vein islet number counts which were recorded 
for apex, margin, center, and base and averaged, 
the concept of Benedict (2) was also applied in 
counting vein islets, and the camera lucida was 
used in sketching vein islets and palisade cells in 
vein islet number and palisade ratio determina- 
tions. 


HISTOLOGY OF THE LEAF OF VIBURNUM 
TRILOBUM Marshall (VIBURNUM OPULUS L. 
VAR. AMERICANUM (MILLER) AITON 


The leaf exhibits dorsiventral structure. 

Lamina.—The upper epidermis consists of a layer 
of epidermal cells with sinuate anticlinal walls in the 
interneural regions and rectilinear anticlinal walls 
over the veins. It bears numerous unicellular, 
straight to curved, nonglandular hairs of yellowish 
color ard numerous stalked, capitate and peltate 
glandular hairs. The basal cell of the stalk of each 
kind of hair is wedged in between the surrounding 
cells of the epidermis. An occasional short-stalked, 
clavate glandular hair was observed arising from this 
epidermisin the groove of the midrib. 

The mesophyll is differentiated into an upper 
layer of palisade parenchyma and, in the inter- 
neural region, of 4 or 5 layers of spongy parenchyma 
containing chloroplasts and rosette aggregates of 
calcium oxalate. While arm-palisade cells were 
found, in the sections examined, they appeared 
fewer in number as compared with the palisade 
parenchyma region of the European Viburnum 
Opulus. The palisade parenchyma cells of the mid- 
rib region appeared mostly rectangular to quad- 
rangular in transverse sections and typically colum- 
nar in the interneural regions of the lamina. Cours- 


Fig. 1.——-Viburnum trilobum Marshall. A, leaf, 
showing palmately 3-lobed lamina, and petiole with 
groove extending its entire length, bearing extra- 
floral nectaries (V) in its upper portion (x '/;); B, 
enlarged view of six nectaries (.V) as viewed with a 
hand lens ( X '/;); C, basal region of petiole, as seen 
in a magnified cross section which was cut slightly 
above the point of attachment of the petiole to the 
stem, and showing 3 large traces and a small branch 
trace to the right of the right lateral trace; D, 
upper epidermis of leaf blade bearing a unicellular, 
nonglandular hair; E, lower epidermis of leaf blade. 
C, D, E, magnified, 


ing through the spongy parenchyma are fibrovascu- 
lar bundles which are surrounded by a layer of clear, 
rounded, border parenchyma cells, as observed in 
transverse sections. 

In the midrib region the mesophyll shows a broad, 
crescent-shaped meristele (trace) embedded in 
parenchyma and consisting of numerous narrow 
collateral bundles separated by medullary rays, the 
latter mostly 1 cell in width. The xylem region of 
these bundles showed tracheary tissue with spiral 
and scalariform markings. Rosette aggregates and 
crystal fibers containing rosette aggregates of cal- 
cium oxalate occur in the parenchyma zone A layer 
or two of collenchyma cells occur beneath each 
epidermis of the midrib region. 

The lower epidermis in cross section consists of a 
layer of epidermal cells of rectangular or angularly 
rounded form and numerous interspersed elliptic 
stomata. In the region of the veins and midrib the 
outer walls of the epidermal cells are extended as 
short papillae. Nonglandular and glandular hairs of 
similar types to those found in the upper epidermis 
occur even more numerously on this epidermis. In 
surface sections the lower epidermal cells show 
deeply undulate anticlinal walls, the crests of the 
bulges being extended in linear fashion. The non- 
glandular hairs of both epidermises occur as single 
outgrowths of straight, curved, or appressed charac- 
ter and also as double and tufted outgrowths. They 
show a nearly keystone-shaped basal portion with a 
beaded wall and are wedged in between a circle of 
surrounding epidermal cells which, as frequently 
noted in the vein regions, are elevated above the 
level of the other epidermal cells. These hairs 
measure up to 570 win length. They possess a rela- 
tively thin wall and a broad lumen extending to the 
pointed tip. The basal region of the double hairs 
shows pits in the common communicating wall. 
The stomata were up to 42 win length. There was 
no regularity in the arrangement of the subsidiary 
cells around the guard cells of the stomata as noted 


Fig. 2.—-Transverse section of a representative 
portion of the lamina of Viburnum trilobum showing 
the midrib and adjacent interneural regions. Mag- 
nified. The crescent-shaped trace (meristele) is 
shown in the center of the midrib. H, deep- 
seated, nonglandular hair; D, double hair; G, gland- 
ular hairs. 
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by Solereder (3) and others for other species of the 
Caprifoliacee. The peltate hairs possessed a shield 
of from 4 to 8 cells. 

Petiole.—The petiole of Viburnum trilobum is 
grooved on its ventral surface throughout its entire 
length. In its basal portion it bears a pair of lateral, 
filiform stipules and in its upper region from 3 to8 
extrafloral nectaries which arise ventrad from its 
wings. Transverse sections of it are concavo-convex 
in outline and exhibit the following histological struc- 
tures: 

Serial transverse sections through the basal region 
of the petiole show a cutinized epidermis consisting 
of irregularly rounded, comical, and tangentially 
elongated epidermal cells. Beneath the epidermis 
there occurs a zone of collenchyma of from 1 to 6 
layers of collenchyma cells and, following it, a broad 
area of parenchyma, scattered cells of which contain 
rosette aggregate crystals of calcium oxalate up to 
38 w in diameter. Embedded in the central paren- 
chymatous zone at the very base of the petiole are 
three leaf traces of reniform to crescentic outline. 
Sections cut above the base showed, in addition, one 
or two vascular branch traces, arranged on either 
side of the larger lateral traces. The traces (meri- 
steles) consist of radially arranged collateral bundles 
separated by rays, the latter mostly 1 cell wide. 

Longitudinal sections of the petiole showed the 
parenchyma cells to be axially elongated and to 
possess beaded and pitted walls. Both scalariform 
and spiral tracheids occurred in the xylem, and long 
rows of cells, each containing a rosette aggregate 
crystal of calcium oxalate (crystal fibers) occurred 
in the parenchyma adjacent to the traces. 

Serial transverse sections of the upper region of the 
petiole frequently have their outer epidermal cell 
walls extended as papillae, and these walls are 
covered by a prominent cuticle. Glandular hairs 
with globular and club-shaped heads and with basal 


Fig. 3.—Viburnum trilobum. P, transverse sec- 


tion of the petiole near its summit. Note the deep 
groove on its upper surface flanked on either side 
by a wing, the three original traces which entered 
the base of the petiole, and the two small branch 
traces in the distal portion of the wings. A deep- 
seated clavate hair is seen arising from the upper 
epidermis in the bottom of the groove. WN, trans- 
verse section of the end of the petiolar wing includ- 
ing the extra floral nectary. Note the trace at the 
lower end with tracheary tissue (v); the tracheids 
(tr) extending from the trace to a mass of secretory 
cells which secrete nectar into the nectar cavity. 
Magnified. 
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part of stalk embedded between adjacent epidermal 
cells as well as peltate hairs are especially prominent 
on the upper epidermis in the groove region. 

Transverse sections of the nectary region of the 
petiole show spiral tracheids issuing from a lateral 
trace and extending to a mass of secretory cells which 
border the cavity of the nectary. 


PALISADE RATIOS OF VIBURNUM LEAVES 


The average palisade ratios for the base, margin, 
center, and apex of 5 different Viburnum leaves were 
determined by the following method: Pieces cut 
from these areas were cleared by boiling them in 
chloral hydrate solution (50 Gm. chloral hydrate and 
20 cc. distilled water) and mounted ina drop of chloral 
solution and a drop of diluted glycerin. The camera 
lucida and 4 mm. objective were employed in the 
examination. The outlines of the upper epidermal 
cells were drawn in ink on a sheet of paper. The 
palisade cells beneath each 4 adjacent epidermal 
cells were counted, together with any palisade cells 
more than half within the area of the epidermal cell, 
and these were traced within the inked outlines of 
epidermal cells with a pencil. (See Fig. 4.) For 
each of the Viburnum leaves, counts of the pali- 
sade cells were made in 5 different fields of the piece 
of each region, the total number tor cach region sepa- 
rately added and divided by 20 (4 K 5). The aver- 
age palisade ratio for the leaf was computed by add- 
ing the figures representing the average palisade 
ratios of the regions and dividing by 4. 

The results were as follows: 


Viburnum Cassinoides Palisade 
2.7. Margin, 2.75. Center, 2.65. 
Average, 2.68. 

Viburnum Prunifolium Palisade Ratios.—Base, 
4.5. Margin-center, 4.7. Center, 4. Apex, 4.5. 
Average, 4.42. 

Viburnum Lentago 
counted) .— 

(1) Base, 2.4. 
2. Average, 2.26 

(2) Base, 3.25. 
3.5. Average, 3.56 


Ratios.— Base, 
Apex, 2.65. 


Palisade Ratios (2. series 


Margin, 2.35. Center,2.3. Apex, 


Margin, 4. Center, 3.5. Apex, 


Fig. 4.—-Camera lucida sketch of four adjacent 
upper epidermal cells and subjacent palisade par- 
enchyma cells in a cleared strip of leaf of Viburnum 
trilobum. Those palisade cells completely within 
the area of each epidermal cell and those more than 
half within the area were numbered and the total 
within the four cell areas divided by 4 to determine 
the palisade ratio. The palisade ratio in this illus- 
tration is 4.25. 
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Rufidulum 


2.35. 


Palisade 
Center, 2.35. 


Ratios.— Base, 
Apex, 2.3. 


Viburnum 
2.5. Margin, 
Average, 2.31 

Viburnum Trilobum Palisade Ratios.— Base, 4.27. 
Margin-center, 8. Center, 6.23. Apex, 4.40. 
Average, 5.75. For the margin-center of this leaf the 
palisade ratio range was from 6 to 11. 


STOMATAL INDEX OF VIBURNUM LEAVES 


The stomatal index determinations were made by 
the same method reported in the previous paper of 
the author. The results were as follows: Viburnum 
cassinoides, 10.3; Viburnum lentago, 8.4; Viburnum 
prunifolium, 8.46; Viburnum rufidulum, 10.6; 
Viburnum trilobum, Apex, 9.28; Margin-center, 
13.5; Base, 13.6. 


VEIN ISLET NUMBER DETERMINATIONS 


: The vein islet number determinations were made 
by the following method: about 6 mm. 
square were cut from the apex, margin, center, and 
base of each of the leaves of 5 different species of 
Viburnum, placed in a small beaker and boiled in a 
strong solution of chloral hydrate until the tissues 
were cleared, transferred to a slide, and mounted in 
diluted glycerin solution. By means of a stage 
micrometer placed on the stage of the microscope 
which carried a 16-mm. objective and an attached 
camera lucida, a line equivalent to | mm. as seen 
through the microscope was drawn on paper and a 
square constructed therefrom. The slide carrying 
the mount of the cleared leaf segment was placed on 
the stage, focused, the paper moved so that the 
square was seen in the ocular, and the veins in- 
cluded in the square drawn and the vein islets num 
bered. The islets overlapping two adjacent sides of 
the square millimeter were counted along with the 
islets surrounded by veins 


Pieces 


Fig. 5.—Camera lucida drawing of the veins within 
a ruled 1-mm. square area in a cleared strip cut from 
the base region of a leaf of Viburnum trilobum 
Magnified. The numbered areas are those counted 
as vein islets, following the rule of counting areas 
of mesophyll completely surrounded by veins and 
those overlapping partial islets on two sides of the 
square millimeter which are adjacent. 


JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


In the case of Viburnum trilobum leaf (Table I), a 
4-square-mm. area was counted for each of four re- 
gions of 5 leaves and the number divided by 4 to ob- 
tain the average vein islet number for | mm. The 
vein islet number determinations for V. lentago leaf 
and V. cassinoides leaf are given in Tables II and 


TasBLe I.—VisuRNUM TrRILOBUM LEAF* 


Average 

Vein 

Islet 
Leaf No 2 : 4 5 No 
Apex 6.5 7.75 7.25 9 7 7.5 
Margin 4.5 5 4 §.5 5.5 5 
Center 5.25 6.5 4.75 6.5 6.5 5.9 
Base 5 §.56 5.5 6 8.25 6 


* Average vein islet number for 5 leaves of Viburnum tri- 
lobum by the Benedict method is 6 


Tasie II.—VisurNum LENTAGO 


Average 
ein 
Islet 
Leaf No. 1 2 3 4 5 No. 
Apex 2 2.5 3 2.5 2.5 2.5 
Margin 3.56 3.5 3 3 2.5 3.1 
Center 45 4 4.5 4.5 4.5 4.5 
Base 2.5 2.5 3 2.5 2 2.5 


bs Avesnge vein islet number for 5 leaves of Viburnum 
lentago is 3.15 

> By method of counting completely enclosed and more 
than half enclosed areas. 


VipurNuM CassINorpes 


Taste III. 


Average 

Vein 

Islet 
Leaf No. 1 2 3 4 5 No 
Apex 11 9 10 ll 10 10.2 
Margin 9 Q 10 8.8 
Center 10 9 11 9 9 9.5 
Base 10 11 10 y 10 10 


* The average vein islet number for 5 leaves of Viburnum 
inoides by method 6 was 96. The average vein islet 
number by the method of counting only areas of mesophyll 
completely surrounded by veins in 5 fields of apex, base, an 
margin-center was 3.77. (Benedict method) 
> By method of counting completely enclosed and more 
than half enclosed areas. 


Determinations of the vein islet numbers on 5 
leaves of V. prunifolium gave the following mean 
averages in four regions, viz.: Apex, 5.8; Margin, 
3.6; Center, 4.6; Base, 4.2; General average, 4.6. 
Determinations of the vein islets of 5 additional 
leaves of V. rufidulum gave the following mean 
averages in four regions, viz.: Apex, 3.7; Margin, 
3.7; Center, 3.5; Base, 3.1; General Average, 3.5. 


SUMMARY 


1. The histology of the leaf of Viburnum tri- 
lobum is described and illustrated by drawings. 

2. Average vein islet number values, palisade 
ratios, and stomatal indices are reported for 
leaves of V. lentago, V. trilobum, V. cassinoides, 
V. prunifolium, and V. rufidulum. 

3. The average vein islet number for 5 leaves 
of V. lentago was found to be 3.15; for V. trilobum, 
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6; for V. cassinoides, 3.77 (by method of counting 
mesophyll areas completely enclosed by veins) 
and 9.6 by method of counting completely en- 
closed and more than half enclosed areas of the 
mesophyll; for V. pruntfolium, 4.6; for V. rujfi- 
dulum, 3.5. 

4. The average palisade ratio for V. lentago 
was 2.91 with an average range of 2 to 4. 

The average palisade ratio for V. trilobum was 
5.75 with an average range of 4.27 to &; for V. 
cassinoides, 2.68 with an average range of 2.65 to 
2.75; for V. prunifolium, 4.42 with an average 
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range of 4 to 47; for V. rufidulum, 2.31 with an 
average range of 2.25 to 2.35. 

5. The stomatal indices for leaves of V. lentago 
and V. trilobum are reported for the first time 
and the results of additional stomatal index 
determinations on more materials given for V. 


cassinoides, V. prunifolium, and V. rufidulum. 
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Some New Soluble Forms of Theophylline* 


By J. M. HOLBERT, I. W. GROTE, and J. W. LEMAISTRE 


Investigations relating to theophylline- 
sodium glycinate have been extended to cover 
the behavior of the sodium and potassium 
salts of glutamic acid, anthranilic acid, and 
p-aminobenzoic acid with theophylline. Caf- 
feine and theobromine are not similarly solu- 
bilized. Some physical and chemical prop- 
erties of the compounds are discussed. 


theophylline, 1,3-dimethylxanthine, 

enjoys wide medical acceptance, its useful- 
ness, per se, is limited by its relative insolubility 
in water. When theophylline is combined with 
such compounds as diethanolamine, sodium ace- 
tate, sodium salicylate, and ethylenediamine, the 
resulting complexes or double salts exhibit a sub- 
stantial increase in solubility. Unfortunately, 
the ingestion of these compounds is often associ- 
ated with more or less gastric distress and nausea. 
This malaise is thought to be due to the fact that 
hydrochloric acid in the stomach readily decom- 
poses the double salt into its original components 
which irritate the gastric mucosa. 

In 1947, Krantz, et al. (1), reported the prep- 
aration of theophylline-sodium glycinate, which 
was soluble in water to the extent of approximately 
1 Gm. in 5 cc. of solution, quite stable to carbon 
dioxide of the air, and well tolerated in large 
doses. The structure of theophylline-sodium gly- 


* Received April 30, 1949, from the Brayten Pharmaceu- 
tical Co., Chattanooga, Tenn. 

Presented to the Scientific Section, A. Pa. A., Jacksonville 
meeting, April, 1949 


cinate is thought to be best represented by the 
following equilibrium: 

C;H70.N,Na+ NH;- 

CH,COONa 

In an attempt to extend this principle to solubil- 
izing theobromine and caffeine, it was found that 
the addition of sodium glycinate to hot solutions 
of theobromine and/or caffeine resulted in the 
almost quantitative precipitation of these alka- 
loids. 

Recently we have successfully solubilized theo- 
phylline by combining it with the alkali metal 
salts of amino acids other than aminoacetic acid; 
namely, p-aminobenzoic acid, anthranilic acid 
(o-aminobenzoic acid), and glutamic acid. These 
mixtures are all characterized by ready solubility 
in water, the potassium salt in each case being 
more soluble than the corresponding sodium salt. 

The combination, theophylline-potassium-p- 
aminobenzoate, exhibited the most striking solu- 
bility in water, 53 Gm. of this material being sol- 
uble in 100 cc. solution at 28°. It is interesting 
to note that when equimolar portions of theophyl- 
line and p-aminobenzoic acid are combined, max- 
imal solubility is reached when the potassium hy- 
droxide used is approximately 69 per cent of that 
required to combine with both the theophylline 
and the P. A. B. A. The solubility decreases with 
further addition of alkali. Table I gives the solu- 
bility of equimolar mixtures of theophylline-p- 
aminobenzoic acid with varying amounts of potas- 
sium hydroxide. 


554 


JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


TABLE I.—-CoMPARISON OF SOLUBILITY OF EQUIMOLAR MIXTURES OF THEOPHYLLINE AND p-AMINOBENZOIC 


Acip witH VARYING AMOUNTS OF PoTassituUM HyDROXIDE 


ole Mole Mole 
. B. 


P. A. Theophylline KOH 


* The undissolved phase was found by analysis to be practically all theophylline. 


Tasie II.—So.vusitity oF ALKALI METAL SALTS OF THEOPHYLLINE WITH VARIOUS AMINO ACIDS 


Solubility—-Gm. of 
Theophylline 


Theoretical per 1 Solution Saturated 


% at ee Solution, pH 


Solubility, 
a Gm. of Anhydrous 
per 1 Ce Theophylline per Saturated 
Combination of Solution at 28° 100 Ce. Solution at 28° Solution, pH 

Theophylline-p-aminobenzoic acid: 

Potassium salt 53 25 9.4 

Sodium salt 17 8 9.1 
Theophylline-anthranilic acid, 

potassium salt 48 23 9.2 
Theophylline-glutamic acid: 

Potassium salt 24 10 9.3 

Sodium salt 12 5 9.0 


Theophylline-aminoacetic acid: 
Potassium salt 


A similar mixture of 1 mole theophylline and 1 
mole anthranilic acid reaches a maximum solubil 
ity with 1.38 mole (69 per cent of the theoretical 
amount) of KOH. 

Table II summarizes the solubility data when 
theophylline is combined with the alkali metal 
salts of p-aminobenzoic acid, anthranilic acid, 
aminoacetic acid, and glutamic acid. All of the 
solutions are reasonably stable to carbon dioxide 
of the air and as noted in Table II, the pH of each 
saturated solution is acceptable for oral medici 
nal preparations. 

Although animal tests have not been completed 
on all the compounds, acute toxicity studies on 
theophylline-potassium p-aminobenzoate and the- 
ophylline-potassium anthranilate show that the 
toxicity is equal to that of the theophylline pres 
ent in eack case. 


EXPERIMENTAL 


The Preparation of Theophylline-Potassium-p- 
Aminobenzoate.— Ninety-one grams (1.38 mole 
of potassium hydroxide U. S. P. was dissolved in 1 
L. of water, and 180 Gm. (1 mole) of anhydrous 
theophylline added with stirring. To this mixture 
was added slowly 137 Gm. (1 mole) of p-aminoben- 
zoic acid. Stirring and slight warming effected 
complete solution. The solution was evaporated 
in vacuo at a temperature of below 50°. The solid 
material was dried at 85°. Ten cubic centimeters of 
an aqueous saturated solution of the dried powder at 
26° contained 5.26 Gm. of solid 


The Preparation of Theophylline-Sodium-p- 
Aminobenzoate.—-To 150 cc. of water containing 
6.24 Gm. (0.156 mole) of sodium hydroxide was 
added 18.0 Gm. (0.1 mole) of theophylline and 13.7 
Gm. (0.1 mole) purified p-aminobenzoic acid. The 
solution was filtered to remove a trace of suspended 
matter, and the filtrate evaporated to dryness at 
reduced temperature and pressure. The remaining 
materials in Table II were prepared by identical 
procedures, with the exception that the ratio of base 
used varied somewhat to produce maximum solu 
bility. 
SUMMARY 

1. Six new water-soluble theophylline com 
binations have been prepared. They are the so- 
dium and potassium salts of theophylline-p- 
aminobenzoic acid and _ theophylline-glutamic 
acid, and the potassium salts of theophylline- 
anthranilic acid and theophylline-aminoacetic 
acid. 

2. The solubilities of these combinations are 
reported ; theophylline - potassium - p - aminoben- 
zoate exhibiting a maximum solubility equivalent 
to 25 Gm. anhydrous theophylline per 100 cc. of 
solution. 

3. Acute toxicity studies on theophylline- 
potassium-p-aminobenzoate and_ theophylline- 
potassium anthranilate show that their toxicity is 
directly related to their theophylline content. 
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Some Esters of Cumic Acid*? 


By E. D. CARKHUFF and L. G. GRAMLING 


The cumic esters: methyl, ethyl, propyl, iso- 
propyl, »-amyl, »-hexyl, 2-ethyl butyl (from 
2-ethyl-butanol-1 ), 6-phenyl, menthyl, thymyl, 
6-naphthyl, and gee were prepared from 
cuminoyl chloride and the alchol or phenol 
in question. Their constants are reported. 
The cuminoy! chloride was prepared by treat- 
ing cumic acid with thionyl! chloride. The 
action of nitrosyl chloride on cumic acid in 
the presence of ethanol is discussed. A color 
reaction based on the formation of ferric 
cumate is discussed. 


Pw ACID, or p-isopropyl benzoic acid, is a 

homolog of benzoic acid and possesses many 
of the reaction characteristics of the latter. In 
general the formation of esters from cumic acid is 
the same as from benzoic acid. However, if sub- 
stitution of various groups on the nucleus is 
sought, the presence of the isopropyl group must 
be borne in mind. 

Although Richard Meyer (1), in 1883, first 
synthesized cumic acid, it remained a laboratory 
chemical until R. C. Palmer (2, 3), of Newport In- 
dustries, Inc., Pensacola, Fla., developed, in 
1942, a method of synthesizing it from p-cymene 
on a commercial scale. 

Due to the fact that cumic acid is a homolog of 
benzoic acid, it was thought that perhaps some of 
its esters could be made, having commercial possi- 
bilities in the field of odor or flavor. It was with 
this possibility and intention that this study of 
cumic acid was undertaken. 


EXPERIMENTAL 


Only the technical grade of cumic acid! was avail- 
able, hence purification was essential. It was found 
that crystallization from methanol or ethanol gave 
the most satisfactory results. 

The esters of cumic acid which were made in this 
investigation were prepared in general from the acid 
chloride and the alcohols by the Schotten-Baumann 
reaction. 

The acid chloride, cuminoy] chloride, was prepared 
in two ways: (1) by the action of phosphorus penta- 
chloride, and (2), by the action of thionyl chloride on 
dry acid. Both methods gave satisfactory results 
and yields (about 80%). However, thionyl chloride 
is preferred, due to the fact that the by-products of 


* Received April 30, 1949, from the College of Pharmacy, 
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the reaction, hydrochloric acid and sulfur dioxide, 
are released as gases and the excess thionyl chloride 
may be easily distilled off under reduced pressure on 
a steam bath, leaving reasonably pure cuminoyl 
chloride. 

It was found that cuminoyl chloride is rather 
quickly hydrolyzed in the presence of moisture or on 
standing in a closed container; thus the making of 
large amounts is somewhat impractical. 

In order to become more familiar with the ester 
formation of cumic acid, the methyl, ethyl, propyl, 
and isopropyl cumate were prepared, purified, and 
assayed by the general method which follows later. 
The physical constants of these esters were found to 
be in close agreement with those given by Bert (4). 

The general method of preparation of esters is as 
follows: one-tenth mole quantities of both cuminoyl! 
chloride and the alcohol were reacted in a suitable 
container using heat. As the evolution of hydro- 
chloric acid became evident, the source of heat was 
removed and the reaction aliowed to progress spon- 
taneously. However, in some cases it was necessary 
to reflux in order to carry the reaction to completion. 
This was especially true in the preparation of the 
aromatic cumic esters. 

It was necessary, in the preparation of the aro- 
matic cumic esters, to employ an inert solvent in 
order that the reaction and refluxing could be carried 
out smoothly. 

When the liberation of hydrochloric acid had 
ceased and ester formation was completed, the flask 
was cooled and dilute potassium hydroxide was 
added to the crude ester to neutralize the dissolved 
hydrochloric acid and remove any unreacted 
cuminoyl chloride as water-soluble potassium 
cumate. 

The ester was then separated from the water and 
dried with anhydrous sodium sulfate for twenty-four 
hours. It was then purified by distillation using 
vacuum when necessary, as with the high boiling 
esters. 

Proof of ester formation was obtained by saponifi- 
cation and identification of the component parts. 
Saponification of the esters was carried out using 
0.2-0.4 Gm. samples which were refluxed with alco- 
holic potassium hydroxide and titrated with bydro- 
chloric acid using phenolphthalein as the indicator. 

After saponification and resulting titration the 
alcohol was evaporated, the solution made acid, the 
precipitated cumic acid was identified by melting 
point and color reaction herein described, and, if 
possible, the alcoholic portion was recovered and 
identified. 

Table I gives the physical constants and saponi- 
fication values for the esters prepared in this invest- 
igation. 

Action of Nitrosyl Chloride on Cumic Acid.—It 
was thought that by the use of nitrosyl chloride a 
nitroso group could be introduced into the cumic 
acid molecule and this subsequently hydrolyzed to 
the corresponding ketone. However, this does not 
seem to be the course of the reaction. Ester forma- 


555 


Data ror Cumic Esters" 


TABLE | 


Amount in mole 


Faint 


Odor 
Faint 
Faint 


239 .0 
225.1 
25.1 
209.1 
18 


Calculated 


Saponification No 
Found 
39.7 
223 .3 
22 
184 
186 
99.1 


N 
1.4970 
1.4951 


9757 


a 


0.9622 
0.9 


‘ 


174-175" 
106-10 
184-185 


Vield, 


Reflux 


Xylene 
Xylene 
X ylene 


Solvent 


= 
se 
= 
v = 
Stes 


For data on methyl, ethyl, propyl, 


and isopropyl! esters see Bert (4) 


* Since saponification determination was unsatisfactory nitrogen was determines 


found N was 9.2% 


Calculated V was 9.4%, 


1 by Kjeldahl method. 


tion seems to result by the method used. This is as 
follows: 6 Gm. of cumic acid were dissolved in 40 cc. 
of carbon tetrachloride, placed in a Pyrex flask, and 
chilled slightly. Five cubic centimeters of ethyl 
nitrite were then added and dry HCl introduced 
The formation of nitrosyl chloride was instantaneous. 
The flask was then placed in the sunlight and more 
ethyl nitrite and HCl added as the need arose. This 
was continued for four hours. 

The solution developed into two layers and upon 
examination of the lower layer, after purification by 
distillation, the results indicated ethyl cumate. 

The explanation offered for ester formation rather 
than substitution of a nitroso group is that cumic 
acid readily undergoes esterification and that the 
ethyl alcohol which existed as a by-product in the 
formation of nitrosyl chloride supplied the necessary 
alcohol. Also due tothe mild conditions under which 
the reaction was attempted, substitution on the ring 
did not occur. 

Color Reaction for Cumic Acid.—A color reaction 
for cumic acid, based on the formation of what is be- 
lieved to be ferric cumate, was developed for this in- 
vestigation. The method is as follows: to a small 
quantity (50 mg. or less) add 2 cc. of distilled water 
and 1 or 2 drops of concentrated ammonium hy- 
droxide. Boil gently over a free flame to expel the 
excess ammonia, adding water to replace that lost by 
evaporation. Continue to boil until the solution is 
neutral to litmus or until the odor of ammonia is no 
longer present. Then add 1 drop of freshly prepared 
neutral ferric chloride solution. The formation of a 
flesh-colored precipitate constitutes a positive test. 


SUMMARY 


The cumic esters: methyl, ethyl, propyl, iso- 
propyl, m-amyl, n-hexyl, 2-ethyl butyl (from 2- 
ethyl-butanol-1), 8-phenyl, menthyl, thymyl, - 
naphthyl, and picrate, were prepared from 
cuminoyl chloride and the alcohol or phenol in 
question. Their constants are reported. The 
cuminoyl chloride was prepared by treating 
cumic acid with thionyl chloride. 

The methyl, ethyl, propyl, and isopropyl 
cumates have pleasant odors; the n-amyl, 
n-hexyl, 2-ethyl-butyl, and phenylethyl cumates 
have faint odors, while the picrate, menthyl, 
thymyl, and naphthyl cumate are odorless. 

The above esters are clear, colorless liquids, 
with the exception of the picrate and naphthyl 
cumate which are yellow and flesh-colored solids, 
respectively. 

The action of nitrosyl chloride on cumic acid in 
the presence of ethanol is briefly discussed. 

A color reaction for cumic acid based on the 
formation of ferric cumate is discussed. 
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Assays of Cinchona and Nux Vomica 
by Microsublimation* 


By J. A. ZAPOTOCKY} and LOYD E. HARRISt 


A method of isolating the alkaloids of cin- 
chona and nux vomica is presented. The 
alkaloids are removed, by microsublimation, 
from the powdered crude drug which has 
been treated with sodium carbonate. The 
procedure can be carried out quantitatively. 
When the results are compared with those 
obtained by official assay procedures, the 
microsublimation method gives results that 
more accurately represent the alkaloidal 
content. 


T= METHODS of assay for the alkaloidal con 

tent of drugs, as illustrated in the mono- 
graphs found in the United States Pharmacopoeia 
and National Formulary, require an appreciable 
length of time as well as comparatively large 
quantities of materials. It is well known that 
some alkaloids will sublime and that sublimation 
is a process which may yield purified substances. 
Since sublimation has been successfully used to 
separate alkaloids that occur uncombined in 
plants, it was thought that a modified technique 
could be devised to separate alkaloids from plants 
whenever they exist as alkaloidal salts. If the 
process could be made to proceed quantitatively, 
a convenient and satisfactory assay method, 
which seems to offer advantages over standard ex- 
traction procedures, would be available. 

The fractional separation of the constituents of 
a mixture of substances (1) and the quantitative 
recovery of certain alkaloids and nonalkaloids 
from artificially made samples and tablets (2, 3) 
has been shown to be possible by means of subli- 
mation. The sublimation temperature of the 
active constituent had to be below the subli- 
mation or decomposition temperature of the di- 
luents, binders, or lubricants used. 

A modification of the glass tube or capillary 
tube method of sublimation previously used by 
Ray and Datta (4), Pregl (5), and Benedetti- 
Pichler (6) was used in this study. 
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EXPERIMENTAL 


The alkaloids present in most plants are in the 
form of a salt. When the plant is heated without 
preliminary treatment no crystalline sublimate or 
only a very minute amount is obtained. In order to 
determine the effect of an alkaline agent such as so- 
dium carbonate on alkaloidal salts and alkaloids the 
following experiment was performed: 

A series of alkaloids were sublimed at 5 mm. pres- 
sure = 1 mm. and the temperatures of sublimation 
noted. The same alkaloids were then subjected to 
the treatment described below. 

A small quantity of alkaloid was wetted with 
enough saturated solution of sodium carbonate to 
make a paste. The mixture was then evaporated to 
dryness. The dried mass was reduced to a fine pow- 
der and approximately 25 mg. was placed in a tube 
(17 cm. long and 7 mm. in diameter) sealed at one 
end. After the powder was placed in the closed end 
of the tube, the unfilled portion was cleaned with a 
pipe cleaner. A small pledget of cotton was then 
placed over the powder. The tube was connected 
by means of pressure tubing to a Hyvac pump and 
the pressure reduced to 5 mm. 1 mm. Heat was 
applied, by means of a heated aluminum drying 
block, to the part of the tube holding the sample, and 
the sublimation temperature noted. 

A group of alkaloidal salts was also subjected to 
the above treatment. The results are given in Table 


TasBLe I.—List or ALKALOIDS AND ALKALOIDAL 

SALTS WITH THEIR SUBLIMATION TEMPERATURES 

BEFORE AND AFTER TREATMENT WITH SopIUuM 
CARBONATE 


Sublimation 
Temperature 
after Treatment 
with Sodium 
Carbonate, ° 


Sublimation 
Substance Temperature, ° 
Cinchonidine sulfate 
Cinchonine 
Cinchonine sulfate 
Quinidine sulfate 
Quinine 
Quinine sulfate 
Strychnine 
Strychnine sulfate 
Strychnine nitrate 
Strychnine citrate 


The sublimates obtained from the alkaloids were 
compared microscopically with the sublimates ob- 
tained from the respective alkaloids and alkaloidal 
salts treated with sodium carbonate. In each in- 
stance the crystals were found to be identical in 
shape. The sublimates obtained in these experi- 
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145 
155 
155 
145 
140 
140 
165 
165 
165 
165 
= 
: 
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ments were used for future comparisons with the sub- 
limates obtained from plants containing the respec- 
tive alkaloids. 

The Isolation of the Alkaloids of Cinchona and 
Nux Vomica by Microsublimation.—The dried plant 
material was reduced to a No. 60 powder and 
thoroughly mixed in a mortar with sufficient satu- 
rated aqueous solution of sodium carbonate to render 
the drug distinctly wet. This mixture was then 
permitted to dry at room temperature with period- 
ical trituration to insure uniformity. The dried 
product was again reduced to a No. 60 powder and 
approximately 50 mg. were placed in a glass tube 
(17 em. long and 7 mm. in diameter) sealed at the 
end holding the sample. The sample was then 
heated in an aluminum drying block, under reduced 
pressure, as described above. The temperature was 
gradually raised until crystals appeared on the walls 
of the tube just outside the heated area. The tem- 
perature at which sublimation took place was deter- 
mined by removing the tube from the block periodi- 
cally, without changing the pressure, and examining 
for crystal formation under a microscope 

Once crystals began to appear the temperature was 
kept constant and the shape of the crystals noted. 
The position of the tube was gradually changed so 
that a new point was available “or collecting the sub- 
limate. When no further sublimation was observed, 
the temperature was gradually raised. If any new 
crystals appeared, the temperature at which this 
occurred was noted. 

In order to obtain a fractional separation of the 
alkaloids, the tube was broken at a point between 
the sample and the sublimate. The remaining sam- 
ple was placed in a new tube and the heating proc- 
ess continued at a higher temperature. 

The results of the sodium carbonate treatment of 
cinchona and nux vomica are given in Table IT. 


Taste II. 


Number of 

Plant Fractions 
Cinchona 4 
Nux vomica* 2 


(defatted) 


List oF SUBLIMATION TEMPERATURES OF THE VARIOUS FRACTIONS OBTAINED FROM CINCHONA 
AND NUX VOMICA AFTER TREATMENT WITH SopruM CARBONATE 


closed end of the sublimation tube. This sample was 
weighed on a microbalance with another tube used as 
a tare. A piece of cotton was inserted over the 
sample, the tube was attached to a Hyvac pump, 
and the pressure was reduced to 5 mm. The end 
of the tube containing the sample was heated in an 
aluminum drying block at a temperature range of 
140-175°. This was the sublimation temperature 
range for the four most abundant alkaloids present ; 
namely, quinine, quinidine, cinchonine, and cin- 
chonidine. Heat was applied until crystals stopped 
forming. 

The most rapid method of obtaining complete 
sublimation was to heat the sample in a tube for 
successive periods of one hour each. After each 
heating period, the tube was removed from the 
heating block and broken at a point between the 
sample and the sublimate. The sample was trans- 
ferred quantitatively to another tube, and the sub- 
limate was washed from the tube with alcohol. 
The process was repeated until microscopic examina- 
tion revealed no further formation of crystals. The 
combined alcohol solutions were evaporated in a 
tared vessel and dried to constant weight at 100— 
110°. The residue was weighed on a microbalance. 

A series of assays was carried out on red cinchona 
by the above procedure. The same drug was as 
sayed by the N. F. VIII method (7). Table III 
shows the results of both assays. 

Purification of the Alkaloidal Residue Obtained 
in the N. F. VIII Procedure.-The residues from a 
series of N. F. assays of cinchona were combined and 
examined. It was found that one purification of the 
alkaloids from the chloroform-ether mixture o acid 
and then to chloroform was insufficient to give a pure 
alkaloidal residue. Coloring agents were present 
together with some fatty materials which were 
difficultly soluble. The pure alkaloids from cinchona 
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Sublimation 
Temperatures 


of Each Fraction Sublimation Temperatures of 


at5mm., ° Corresponding Alkaloids, ° 
140-160 Quinine 140 
145-160 Quinidine 145 
145-160 Cinchonidine 145 
155-175 Cinchonine 155 

160 Brucine 160 
170-180 Strychnine 165-175 


* Defatted with petroleum ether. 


Quantitative Determination of Total Alkaloids in 
Cinchona by Sublimation and by the N. F. VIII 
Method.—A sample of red cinchona was reduced to 
1 No. 60 powder in a Wiley Mill and dried in a 
desiccator over calcium chloride. A sample of known 
weight was taken and mixed with a known weight 
of anhydrous sodium carbonate in a ratio of three to 
one. Sufficient distilled water was added to wet the 
mixture which was then triturated in a mortar. 
The mixture was permitted to dry in a desiccator 
which was warmed to facilitate drying. The dried 
mixture was again reduced to a No. 60 powder and 
a sample of approximately 50 mg. was placed in the 


in the quantities used, were found to be readily 
soluble in alcohol. A sample from these combined 
assay residues was weighed and a purification pro- 
cedure attempted. 

The residue was dissolved in a 2% solution of sul- 
furic acid and treated with activated charcoal. This 
mixture was filtered to remove some insoluble por- 
tions and contaminating coloring materials. The 
filter and charcoal were washed until no test was ob- 
tained on the washing with Mayer’s reagent. The 
filtrate was made alkaline with sodium hydroxide T. 
S. The precipitated alkaloids were extracted with 
chloroform, and the combined chloroform solutions 
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TABLE III.—CoOMPARISON OF PERCENTAGES OF 

ToraL ALKALOIDS IN CINCHONA DETERMINED BY 

THE SUBLIMATION METHOD AND THE N. F. VIII 
ASSAY 


Sublimation N. F. VIII 
Method, % 


were evaporated to dryness in a tared vessel. The 
residue obtained was weighed. 

In order to compensate for any losses due to this 
method, a blank sample was run with a 100-mg. sam- 
ple of quinine alkaloid. The quinine was subjected 
to the same procedure; i.c., charcoal treatment fol- 
lowed by chloroform extraction. A loss of 5 mg. was 
obtained. 

This correction was applied to a 233-mg. sample 
from the N. F. VIII cinchona assay residue. A loss 
in weight of 36 mg. was obtained after purification 
by the above procedure. The new residue was 
white and had a definite crystalline appearance, 
whereas the original residue from the N. F. VIII as- 
say was colored, the crystals were indistinct, and 
mixed with a fatty material which could not be re- 
moved by the one purification procedure listed in the 
N. F. 

The percentages of total alkaloids obtained by the 
N. F. VIII assay were corrected for the percentage 
of impurities present. An average of 3.28°) total 
alkaloids was obtained. This compared very closely 
to the average obtained by direct sublimation. 

Quantitative Determination of Strychnine in Nux 
Vomica by Microsublimation and by the N. F. VIII 
Method.--A sample of No. 60 nux vomica powder, 
previously defatted with petroleum ether, was mixed 
with anhydrous sodium carbonate in an exact ratio 
of four toone. The mixture was treated the same as 
cinchona mixture in the assay described above; that 
is, it was wetted and then dried. 

A sample of approximately 50 mg., accurately 
weighed on a microbalance, was placed in a sublima- 
tion tube and heated in an aluminum drying block at 
a pressure of 5 mm. of mercury. The temperature 
was gradually raised until 160—-165° was reached. A 
very small amount of sublimate was obtained at the 
sublimation temperature of brucine. This was dis- 
carded and the temperature was raised to 175-185°, 
at which range a crystalline sublimate of strychnine 
was obtained very rapidly. The sample was trans- 
ferred quantitatively to a new sublimation tube and 
reheated under the same conditions. The process 
was continued until no further sublimate was ob- 
tained on examination of the tube microscopically. 


559 


The combined sublimates were washed out of the 
tubes with chloroform into a tared 5-cc. beaker and 
evaporated to dryness. The residue, previously 
dried to constant weight at 100°, was weighed on a 
microbalance. 

The same sample of nux vomica was also assayed 
by the N. F. VIII method (8). Table IV shows the 
results of both assays. 


TaBLe IV.—COMPARISON OF PERCENTAGES OF 
STRYCHNINE IN Nux VoMICA DETERMINED BY THE 


Sublimation 
Method, % 


1.26 
1.22 


SUMMARY 


1. It has been shown that a microsublimation 
technique can be used for the qualitative and 
quantitative separation of the alkaloids found in 
nux vomica and cinchona. 

2. When the alkaloids are present as salts in 
the plant they must first be converted to the base 
before sublimation can be used to separate them. 
This is accomplished by treating the sample with 
sodium carbonate. 

3. A microsublimation procedure has been 
described for the quantitative determination of 
the alkaloidal content of two plant drugs. Using 
nux vomica and cinchona, it was shown that the 
microsublimation assay procedure gave satis- 
factory results. When compared with the pres- 
ent official procedures, it was demonstrated that 
the results are more nearly a true determination 
of the alkaloids present. 
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The Precision of the U. S. P. Assay for Protamine 
Zinc Insulin* 


By C. I. 


The precision of the U. S. P. assay of protamine zinc insulin has been tested 


BLISS 


statistically with the data from duplicate assays in different laboratories of 24 prepa- 
rations of protamine zinc insulin. Both the mean difference of six periodic bleed- 
ings and the trend of these differences with time were significantly greater than the 
residual or sampling error. The mean differences from two independent assays of 


the same preparation were not correlated. 


For these reasons, within the tolerance 


limits provided by the U. S. P., the mean difference could be attributed to minor 
variations in laboratory procedure rather than real differences in potency. Since 
the trend with time was correlated significantly in parallel assays from different 
laboratories, the trend must represent, at least partially, a real characteristic of a 
given preparation of protamine zinc insulin. It should appear that the assay for 
this insulin form is capable of distinguishing finer differences than it is called upon 


pProranne zine insulin is characterized by its 

prolonged action and the U. S. Pharmaco- 
peeial assay is designed to test this effect as well 
as its average potency. In accord with the Food, 
Drug, and Cosmetic Act, each new batch is as 
sayed against a specially prepared standard prep- 
aration in two or more rabbit cross-over tests in 
two different laboratories. It must pass both 
tests before it can be released. To determine the 
precision of the assay technique, paired assays of 
24 preparations have been analyzed statistically. 
These data have been provided through the U.S 
P. Insulin Advisory Committee and the present 
report has been prepared at their request. 

The U. S. P. XIII assay may be outlined in 
brief. Each rabbit is injected twice, once with 
the standard preparation and once with the 
preparation under assay or the “unknown.” An 
interval of about one week separates the two in- 
jections. In order to cancel out the effect of en- 
vironmental factors, half of the rabbits are in 
jected first with the standard and the other half 
first with the unknown. Immediately before 
each injection and periodically thereafter a sam 
ple of blood is taken from the ear vein of the rab 
bit and its glucose content analyzed. In the 
present experiments six bleedings were made at 
intervals of 1'/., 3, 5, 7, 9, and 11 hours after 
injection. 

The difference in the blood-sugar level at each 
interval is determined by subtracting the average 
blood sugar observed in the tests with the un 
known from that observed in the tests with the 
standard. Thus the responses are reduced to a 


* Received May 26, 1949, from the Connecticut Agricul- 
tural Experiment Station and Vale University, New Haven, 
Conn 


to make in actual practice. 
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series of seven differences, one representing the 
initial bleeding just before injection and six the 
bleedings which follow the injection of protamine 
zine insulin. The Pharmacopoeia requires that 
at each bleeding time after injection the difference 
must not exceed 5 mg. per 100 cc. except that at 
the last bleeding it may be as great as 8 mg. per 
100 ce. There is the further requirement that the 
average of the six differences after injection, tak- 
ing into account the sign of each difference, must 
not exceed limits of +3 for an acceptable prepara- 
tion. 


ANALYSIS OF ASSAYS 


Individual Assays and Their Analysis.—The data 
obtained in paired assays of three preparations of 
protamine zinc insulin are summarized in Table I. 

Each preparation was assayed in one laboratory 
Ao, or and the assay repeated independently 
in testing Laboratory B. None of the individual 
differences (y) exceeded the above tolerances. More- 
over, each total difference S(y) was less than +3 
x 6 = #18. Hence these preparations conformed to 
U. S. P. standards. We may inquire whether the 
present biological assay is sufliciently precise that 
any characteristics of individual preparations which 
pass the U. S. P. requirements can be recognized 
from the agreement between independent paired as- 
says. This can be tested statistically by an analysis 
of variance. 

A simple analysis of variance may be computed 
from the six post-injection differences in blood-sugar 
level for cach assay, such as those shown in Table I. 

It would test two null hypotheses. The first hy- 
pothesis is that the total (or mean) difference does not 
differ significantly from zero when compared with 
the residual variation. The second is that the differ- 
ences do not become progressively larger or smaller 
in successive bleedings. Both hypotheses may be 
tested by fitting a straight line to the data of each 
assay, relating the difference in blood-sugar to the 
time of bleeding. The position of each line depends 
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I. 
REPRESENTATIVE 
No. of 


Rab 
bits 


Test 
ing 
Lab 


3 A, 


Prepn 


0 
0 


‘ 


2 
22 


Deviation from 
mean hour 
after injec- \ 
tion 


® Excluding the initial reading (0 hr.) 


upon the total difference S(y) in the next to the last 
column of Table I. Its slope is computed by multi- 
plying each difference (y) by the corresponding de- 
viation (x) from the mean hour (last line of the 
Table). The sum of these products, [xy], is shown for 
each assay in the last column. Each of these values is 
divided by [x*] = 66.20 to obtain the slope of the 
line or trend. 

From the values in Table I we obtain by standard 
methods the analyses of variance in the columns of 
Table II headed [y4?) and [yg*] for the two assays 
of each of the three preparations. The mean square 
for the “‘remainder”’ is an estimate with four degrees 
of freedom of the random or error variance in each 
assay. Each mean difference or trend may be 
tested for significance from the ratio (F) of its mean 
square or variance to that for the remainder. By 
this “‘F”’ test two trends and one mean difference 
were statistically significant, as indicated in Table 
Il. 


-DIFFERENCES IN MEAN BLoop SuGaArR (STANDARD - UNKNOWN) AT EAcu BLEEDING FOR 


Differences (y 
in Blood Sugar at Hour 
3 5 7 


0 2 
—3 
1 


under [yays}. When both the covariance and the 
adjacent variances are relatively large, the duplicate 
assays may well be correlated in the given character- 
istic. When small, any relationship is probably 
within the experimental error. Positive covariances 
indicate a positive relationship and negative covari- 
ances an inverse relationship between the paired as- 
says. Of the three assays in Table II, the trend for 
preparation 7 was apparently similar in Laboratories 
Aand B. The other values indicate random varia- 
tion. 

Composite Analysis of 24 Paired Assays._The 
procedure illustrated in Tables I and II has been 
extended to all 24 preparations in the present series, 
representing a total of 48 assays. The corresponding 
sums of squares and products have been added for all 
preparations and the totals divided by the degrees 
of freedom to obtain the variances and covariances 
in Table III. The variances for the mean differences 
and for the trends with time of bleeding have been 


TABLE II.—ANALYSIS OF COVARIANCE FOR THE PArRED ASSAYS IN TABLE I IN UNITS OF THE DIFFERENCES 


Prepn 
No 


Variation 


Degrees of 
Due to 


Freedom 
3 Mean difference 1 
Trend (slope) 
Remainder 
Mean difference 
Trend (slope 
Remainder 
Mean difference 
Trend (slope) 
Remainder 
00. 


6 P < 0.005 in test of significance 


Variability in the assay technique could be re- 
sponsible for a significant mean difference or trend. 
Before attributing it to the characteristics of a given 
preparation of the drug rather than to the assay 
technique, we need to test the agreement between 
the two independent assays for each preparation 
This requires the sums of products of the correspond- 
ing data from Laboratories A and B, paralleling 
exactly the sums of squares determined from the 
data of each laboratory. The means of these values 
or covariances are shown in the column of Table II 


tN TESTING LABORATORIES A (ya) AND B (yg), ExcLupinGc INrTIAL BLoop SuGars 


Variances and Covariances for 
ly 4” 
35 
8&3 
47 
55 
18 
07 
63 
42 
98 


0.5 


compared by the ‘“‘F’’ test with the residual variance 
or error in the same column. Both factors varied 
significantly, in the three A laboratories (which 
have been considered together) and also in the 
control Laboratory B. The error variance for Lab- 
oratory B (s? = 3.857) was significantly larger (at ? 
< 0.05) than that for the three laboratories included 
under the first column in Table III (s? = 2.379) 
Nearly all of this divergence could be explained by 
the fact that laboratory B used fewer rabbits than 
the other three laboratories (average of 31 against 
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ASSAYS OF THREE PREPARATIONS OF PROTAMINE ZINC INSULIN 
Total 
| 41 1.0 —3.0 —2.0 | 0 1.0 —-1.0 — 3.0 19.70 
B 32 0.0 0.1 —1.8 6 —0.6 1.2 — 4.7 6.14 
6 1.6 4.7 2.9 47 .63 : 
—1.1 1.0 7.9 3.2 65.57 
’ 2.8 —2.2 1.9 14.9 — 30.55 
) 1.3 -0.9 -4.9 7.1 — 22.58 
x —4.6 —3.1 0.9 2.9 5.0 0 66.20 
= |x? 
1.50 3.68 
5.86 
2.91 3.44 
1.40 1.71 ’ 
34.27° 64.95 
1.038 6.30 
37 .00° 8.40 
14.10 7.70 
4.28 4.02 
2 
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Taste IIl 


Variances and Covariances for 


Variation Due to DF 
Mean differences 24 7.243? 
Trends with time 23 8. 554° 
Remainder or error 95° 2.379 

“P<001 


+ P < 0.001 in test of significance 


VARIANCES AND COVARIANCES FOR 24 PARALLEL ASSAYS OF PROTAMINE ZINC INSULIN 
LABORATORIES A;-A; AND LABORATORY B. TRENDS WITH TIME WERE CORRECTED FOR THE EFFECT OF 
DIFFERENCE IN BLOOD SuGAR JusT PRIOR TO INJECTION BY A SEPARATE ANALYSIS OF COVARIANCE 


Correlation, r, 


between A and B 
—1.110 8.184 —0.144 
7.744 22 .271° 0.561¢ 


0.451 3.857 0.149 


© One aberrant 7-br. mean difference was replaced by interpolation from the curve fitted to the remaining values, reducing 


che degrees of freedom from 96 to 95 


50). Although the number per assay also varied 
considerably, especially among the three A labora- 
tories, each assay was given unit weight without at- 
tempting to adjust for inequalities in the number of 
rabbits. 

Although the mean difference and the trend with 
time varied more from zero than would be expected 
by chance, these might still represent assay errors 
rather than real differences between preparations 
In the former case the results from paired assays in 
different laboratories should be uncorrelated but in 
the latter case a correlation would be expected. The 
ratio of the covariance term in each row of Table III 
to the square root of the product of the adjoining 
variances gave the correlation coefficients, 7, in the 
last column. 

The correlation of the mean differences was small 

and negative and far below the level required for sig- 
nificance. It seems evident therefore, that where the 
mean differences exceeded the random error, they re- 
presented the small deviations in average potency 
which are unavoidable in preparing a fresh standard 
preparation for eachassay. The deviations around 
the trend lines fitted to each assay also were uncorre- 
lated, as would be expected for the random errors in 
independent tests. The correlation of the trend with 
time, on the other hand, was clearly significant (r = 
0.561). It is evident that the assay procedure was 
capable of detecting small trends in the blood-sugar 
response tocommercial preparations. This occurred 
even though the test preparations were compared with 
a standard which was prepared independently in each 
laboratory and the trend was limited by the restric- 
tions on the differences allowed in the periodic blood 
sugars. Thus the mean difference from the 6 bleed- 
ings was apparently associated with the assay tech- 
nique but part of the trend on time was a character- 
istic of the preparation under assay. 

In the assay of Insulin Injection it has been shown 
repeatedly that the percentage fall in blood sugar is 
related to the blood-sugar level immediately before 

injection. In the present experiments the difference 
in the initial blood-sugar level may have affected 
either the mean difference or the trend of the differ- 
ence with time. The first possibility was tested by 
computing the regression of the total difference upon 


the initial level. No relation was observed in either 
the A or the B Laboratories. A similar regression of 
the trend upon the initial difference, however, 
showed that the trend depended to a very signifi- 
cant degree upon the initial level in Laboratories A, 
to A; and to a lesser extent in Laboratory B. In 
both cases the larger the initial difference the 
smaller was the slope or trend with time following in- 
jection. In consequence the variances and covari 
ances in Table III for the effect of trend have been 
corrected by a separate covariance for difference in 
the initial blood-sugar level. This reduced the de- 
grees of freedom in the second row of Table III from 
24 to 23. However, the correlation in the trend be- 
tween paired assays was practically unchanged by 
the adjustment. 


SUMMARY 


A statistical analysis of parallel assays in dif 
ferent laboratories of 24 preparations of prota- 
mine zinc insulin has tested the precision of the U. 
S. P. assay procedure. Both the mean difference 
over 6 periodic bleedings and the trend of these 
differences with time proved significantly greater 
than the residual or random sampling error in the 
two series of tests. The mean differences from 
two independent assays of the same preparation 
were not correlated. Hence within the tolerance 
limits provided by the Pharmacopeia the mean 
difference could be attributed to minor variations 
in laboratory procedure and not to real differ 
ences in potency. The trend with time, however, 
was correlated significantly in parallel assays from 
different laboratories. The trend, therefore, rep- 
resents at least in part a real characteristic of a 
given preparation of protamine zincinsulin. Evi- 
dently, the U. S. P. method of assay for prota- 
mine zinc insulin is capable of distinguishing finer 
differences than it is called upon to make in prac- 


tice. 
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The Sheep Plasma Method for the Bioassay of 
Heparin Preparations* 


By ORLO F. SWOAP and MARVIN H. KUIZENGA 


A detailed description of the sheep plasma method for the bioassay of heparin prep- 
arations is presented. The potency of unknown heparin is determined by a simul- 
taneous comparison of the minimum amounts of standard and unknown heparin 
which, when contained in a volume of 0.3 cc., will keep 1 cc. of recalcified sheep 
plasma more than 50 per cent fluid for one hour at room temperature. The method 
is short, accurate, easy to use, and adaptable to any heparin preparation. Specific 
advantages over other methods may be listed as follows: the amount of calcium 
chloride necessary for recalcification of the plasma need be determined only once 
for each lot of frozen plasma. Tubes stand one hour and for approximate or spot- 
ting tests can be examined in fifteen to thirty minutes. No wa.er bath is required. 
Twenty to twenty-five samples may be assayed in one working day by an experienced 
operator. Calculation of results is rapid and simple. The dosage response curve is 
steeper than those found with other methods or with other plasmas. The end point is 
easy to determine. Results can be determined with sufficient accuracy without plot- 
ting data obtained. 


Axcmee® of bioassay methods have been pro 

posed for testing heparin preparations 
The most common methods can be divided into 
two classes and can be designated as (A), those 
using whole blood, and (B), those using citrated or 
oxalated plasmas. In class A, we find methods 
using cat blood as described by Howell (1), and 
modified by Charles and Scott (2), beef blood as 
described by Jorpes (3, 4), chicken blood as de- 
scribed by Fischer and Schmitz (5), and rabbit 
blood as described by Schutz (6). In class B, we 
find methods using beef plasma as described by 
Reinert and Winterstein (7), and Foster (8), 
horse plasma as described by MacIntosh (4), and 
sheep plasma as described by Kuizenga, et al. 
(10). 

The disadvantages in the use of cat blood have 
already been reported from this laboratory (10). 
In general, the disadvantage of the routine use of 
any whole blood in an assay method is that it is 
practically impossible to collect the blood and 
complete the assay of a large number of samples 
in any one day. The use of citrated plasmas has 
the definite advantage that they can be collected 
in quantity as pooled samples from a number of 
animals, bottled so that the contents of one 
bottle will be sufficient for a day's test, frozen, and 
stored in the frozen state until used. 

Since the original publication from this labora 
tory (10), we have repeatedly confirmed the 
previous conclusions reached as to the superior 
properties of sheep plasma over beef plasma. 
Several modifications have also been added to the 


* Received May 27, 1949, from the Research Laboratories, 
The Upjohn Co., Kalamazoo, Mich. 


method to increase its usefulness as a routine 
assay method. It is the purpose of this paper to 
present in detail the sheep plasma assay method 
for heparin which is in current use in our labora- 
tories. We feel that the principal advantage of 
this method lies in its simplicity, adaptability, 
and ease of operation. The method 1s rapid, 
accurate, and easy to use, even when the operator 
has had no previous experience with the method. 
When one becomes familiar with the method, 
upward to 20-25 unknown samples can be tested 
in an eight-hour working day. 


METHOD AND RESULTS 


Details of the Sheep Plasma Method.—In this 
method the potency of unknown heparin is deter- 
mined by a simultaneous comparison of the mini- 
mum amounts of standard and unknown heparin 
which, when contained in a volume of 0.3 cc., will 
keep 1 cc. of recalcified sheep plasma more than 50% 
fluid for one hour at room temperature. 

Plasma.—Draw sheep blood directly from the 
animal into a sterile vessel containing 50 cc. of a 4% 
sodium citrate solution for each 500 cc. of blood. 
Mix the blood and sodium citrate solution by gentle 
agitation and separate the plasma by centrifugation. 
The clear, fresh plasma may be used at once for the 
assay described below, or it may be put in suitably 
sized bottles, so that the contents of one bottle will 
be sufficient for a day’s test, frozen, and stored in the 
frozen state at —20° for future use. 

The above frozen sheep plasma may be obtained 
from a packing house and stored in the frozen state 
at —20° for future use. Such plasmas have been 
stored for as long as a year without showing signs of 
deterioration. 

Frozen plasma may be thawed for use by placing 
in a water bath at 37° until fluid. When fluid, strain 
through about two layers of 60-mesh cheese cloth, or 
through glass wool. 
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Determination of CaCl, for Recalcification.—The 
optimum amount of calcium chloride necessary to 
bring about complete coagulation of the plasma in as 
short a time as possible is determined by placing 
l-cc. samples of the strained sheep plasma in each of 
four test tubes and adding 0.05, 0.10, 0.15, and 0.20- 
ec. quantities of a 2% calcium chloride solution. 
(Three-tenths of a cubic centimeter of 0.9% NaCl 
solution may be added to each tube before adding 
the calcium chloride to be comparable to the assay 
procedure.) The optimum amount of calcium 
chloride solution is that which, in the shortest time, 
produces a firm clot that cannot be removed from the 
tube by inverting it. This optimum amount of cal- 
cium chloride is then used per cc. of that particular 
lot of plasma. 


Preparation of Dilutions of Standard or Unknown 
Heparin.—All solutions or dilutions of heparin are to 
be made with isotonic (0.9%) sodium chloride. 


A stock solution of the Provisional International 
Heparin Reference Standard may be prepared in 
0.9% sodium chloride (a 1-mg./cc. solution is 
satisfactory). This solution must be kept in glass- 
stoppered containers or sealed ampuls. When 
tightly stoppered and refrigerated, such a solution 
will be stable for at least three months. Further 
dilutions are made with 0.9% sodium chloride im- 
mediately before use, so that the estimated minimum 
amount of standard heparin necessary to maintain 
more than 50°% fluidity of the plasma will be con- 
tained in 0.3 cc. or less. For those who have had no 
previous experience with the method, it may be 
stated that this amount will probably fall within the 
range of about 1.0-1.5 “Toronto Units.”” A 1-20 
dilution of the above stock solution will be satisfac- 
tory. This dilution would contain 0.05 mg. of the 
Provisional International Heparin Reference Stand- 
ard per cc. 

Preparation of Coagulation Tubes.—A series of 
test tubes (size 12 x 75 mm.) (previously cleaned in 
acid-dichromate solution, thoroughly rinsed, and 
dried) is set up for the standard, and for each un- 
known to be tested, and varying amounts of the 
heparin dilution are accurately measured into the 
tubes (for instance, 0.16, 0.18, 0.20, 0.22, 0.24, 0.26, 
0.28, and 0.30cc.). The amounts used are selected so 
that the minimum amount necessary to maintain 
fluidity of the plasma, as determined by preliminary 
trial, is approximately at the center of the series of 
tubes. The volume of the heparin solution in each 
tube is then made up to 0.3 cc. by adding 0.9% 
sodium chloride. (For the above-mentioned series, 
volumes of isotonic sodium chloride added to each 
tube would be 0.14, 0.12, 0.10, 0.08, 0.06, 0.04, 0.02, 
and 0.00 ce.) 


The Anti-Coagulation Test.—To each of the above 
tubes, add 1.0 cc. of the strained sheep plasma and 
then, noting the time, add the optimum amount of 
calcium chloride solution as determined above. Im- 
mediately stopper each tube with a paraffined cork 
and mix the contents by inverting the tube three 
times. Keep the tubes thus prepared at room tem- 
perature, and exactly one hour after recalcification 
examine each tube for the extent of coagulation. As 
in all biological work the dosage response curve is 
S-shaped, with the steepest part of the curve giving 
the most accurate end point for comparison of 
standard and unknown. The previous report from 


this laboratory (10) has shown that sheep plasma 
gives a much steeper curve than do beef or horse 
plasmas and thus the end point is sharper. Those 
tubes showing complete clotting may easily be de 
termined by inverting the tube. Completely fluid 
tubes can also be easily determined. Those tubes 
falling on the steep part of the curve are evaluated by 
estimating visually the amount of clot and fluid 
present (see Discussion). Because of the steepness of 
the dosage response curve, very few questionable 
tubes are encountered. Any tube showing partial 
clotting is shaken sufficiently to estimate whether the 
clot is more or less than 50% of the total contents of 
the tube. If the clot is greater than 50% of the total 
volume, the tube is called clotted. If the clot is less 
than 50° of the total volume, the tube is called 
fluid. 

Evaluation of Results.—The end point is taken as 
the minimum amount of heparin necessary to main- 
tain fluidity of the plasma (i.e., less than 50% clot) 
and this value is recorded for both standard and un 
known. From these values the potency of unknown 
in terms of the standard is determined. For ex- 
ample, if tube No. 4 of the standard series, containing 
0.22 cc. of a 0.05 mg./cc. solution of this standard 
(= 0.011 mg. of standard), contains the minimum 
amount of this standard necessary to maintain 
> 50% fluidity (or <50% clot), this value is recorded 
as the end point for the standard. 


Powdered Samples 


If tube No. 5 of the unknown series, containing 
0.24 cc. of a 0.05 mg./cc. solution, matches the above 
tube No. 4 of the standard series, then 


0 
Potency of the Standard' = 
0.24 X 0.05 


Potency of the Unknown?/mg. 
Solutions 


If tube No. 5 of the unknown series, containing 
0.24 ce. of a 1-200 dilution of the unknown, matches 
the above tube No. 4 of the standard series, then 


200 
0.011 Potency of the Standard' = 


Potency of the Unknown?/cc. 


DISCUSSION 


The above-suggested method uses increments of 
1 y of standard heparin, the total amounts in each 
tube differing by approximately 10%. If desired, 
smaller increments of dosage may be used in a series 
of tubes, but accuracy of the test will depend on the 
care and accuracy of measuring these volumes. Ac- 
curacy of a determination may be increased by 
running two or more series of tubes for each sample 
and averaging the results obtained. 


! 130 units/mg. for the Provisional International Heparin 
Reference Standard 

2119.2 units using the Provisional International Heparin 
Reference Standard 

* 1192 units using the Provisional International Heparin 
Reference Standard 
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SCIENTIFIC EDITION 


In measuring such small volumes as are used in 
this assay, one may consider that accuracy can be ob- 
tained only by using a microburette for the measure- 
ments of volume. However, if as many as 20-25 un- 
known samples are being tested in one day, the 
calibration of each burette used and the cleaning 
and preparation of these burettes becomes a major 
factor and sacrifices speed or limits the number of 
samples that can be tested at once to a smaller 
number. To attain speed and ease of operation, we 
wish to point out that in this assay we are comparing 
standard and unknowns diluted to approximately 
equal potencies. A good technician can easily 
measure the volumes of dilutions and of saline from a 
calibrated pipette with a high degree of accuracy. 
The same pipette may be used for measuring the 
next dilution after first rinsing with that dilution. 
This is a major factor in the ease of operation of the 
test and experience has proved that accuracy is not 
sacrificed to any significant extent. Automatic 
measuring pipettes or microburettes may be used 
with advantage in measuring the plasma and calcium 
chloride solutions. 

We are in agreement with Foster (11) that the end 
point is sharper when the calcium chloride, used for 
recalcification of the plasma, approximates the 
stoichiometrical equivalent of the sodium citrate 
used in preparation of the plasma. 

Various reports have appeared in the literature on 
the determination of the percentage of clot produced 
in tubes used in the plasma assays of heparin. In 
our opinion such methods, though adding to the 
accuracy of many methods, are not necessary for use 
with a dosage response curve as steep as found with 
sheep plasma in the above-described assay proce- 
dure. The method as originally presented (10) 
pointed out the steepness of this curve. Because of 
the steepness of this curve and the recording of re- 
sults as clotted or fluid only, the method has been 
referred to as an all-or none-response method (11). 
We have received comments from other laboratories 
that the method could be improved by setting the 
end point at 50% clot. As pointed out above in the 
details of the method, our end point is at the 50% 
clot level or the first tube below it. Accuracy is in- 
creased by reducing the increments between tubes to 
approach this end point. The steepness of the 
dosage response curve gives accuracy by this 
method without drawing the actual curve for each 
sample and determining the dose which would pro- 
duce the 50° clot as suggested by Foster (8). Fos- 
ter’s method of calculation of results, or other sug- 
gested methods of estimating clot formation, are 
more time-consuming and it is questionable whether 
the data obtained in this type of assay warrants such 
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elaborate treatment, where an assay for routine 
testing of a large number of samples is desired. 

The sheep plasma method as previously reported 
(10) and here modified has been used by several 
other laboratories and cooperative work between 
these laboratories and our own has proved work- 
ability and accuracy of the method. Comparison 
with other methods has shown our procedure to give 
results as accurate as those obtained with the other 
methods. In addition, it is more suitable for 
routine use because of the speed, adaptability, and 
ease of operation. 


SUMMARY 


We have presented in detail the sheep plasma 
method for the assay of heparin preparations 


which has been briefly described in an earlier 
publication from this laboratory (10). 

The method is short, accurate, easy to use, and 
adaptable to any heparin preparation. Specific 
advantages over other methods may be listed as 
follows: The amount of calcium chloride neces- 
sary for recalcification of the plasma need be de- 
termined only once for each lot of frozen plasma. 
Tubes stand one hour and for approximate or 
spotting tests can be examined in fifteen to thirty 
minutes. No water bath is required. Twenty to 
twenty-five samples may be assayed in one work- 
ing day by an experienced operator. Calculation 
of results is rapid and simple. The dosage re- 
sponse curve is steeper than those found with 
other methods or with other plasmas. The end 
point is easy to determine. Results can be deter- 
mined with sufficient accuracy without plotting 
data obtained. 
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A method for the preliminary evaluation of 
radiographic opaques in vitro has been de- 
veloped. The method employs a device hold- 
ing X-ray film, photometric absorption cells 
containing opaque media, and aluminum 
strips of varying density as reference stand- 
ards. The method eliminates sources of 
error such as thickness of solution layer and 
exposure and developing times. No relation- 
ship between chemical structure and opacity 
was found in a series of compounds. A rela- 
tionship between chemical eomposition and 
opacity has been found. 


T= OBJECTIVE of this study was to devise a 

method of accurately measuring the X-ray 
densities of opaque media i» vitro for the analyti 
cal evaluation of their comparative opacities. 

A survey of the literature for methods of evalu- 
ation of radiologic opaques in vitro revealed that 
only two techniques have been reported, and 
neither seems sufficiently accurate or simple to 
serve our purpose. The method employed by 
Binz, ef al., involved the use of a metal vessel 
which contained the opaque in solution. Two 
glass-covered openings in opposite sides of the 
container allowed X-rays to pass through the 
opaque solution and fall upon an X-ray film 
The film was developed and the density of a 
darkened spot thus produced on it was measured 
by a photometric device and taken as an index of 
efficiency of the opaque (7). Joffe and Wachow- 
ski used rubber bags 3.7 cm. in diameter contain 
ing 30 ce. of bile to which the opaque compound 
was added. These bags were then placed in a 
water phantom and X-rayed (8). 

Examination of the first method revealed 
several places where errors might be introduced. 
The thickness of the opaque solution, the ex- 
posure time, and the time of development of the 
film all enter as factors that might vary the re- 
sults. Likewise in the second method, the thick- 
ness of the opaque solution and the exposure time 
as well as the varying thickness of the rubber of 
the bags might cause variation in density of the 
exposure on the X-ray film. 


* Received April 30, 1949, from the Research Laboratories, 
Purdue University School of Pharmacy 

+t Fellow, American Foundation for Pharmaceutical 
Education, 1946-1948 Present address Creighton Uni 
versity, College of Pharmacy, Omaha, Neb 


A Method for the Evaluation of Radiographic 
Opaques* 
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APPARATUS 


A new device and technique have been developed 
for testing and comparing opaques. The parts and 
materials used included the following: 

Film and Solution Holder.—-The apparatus con- 
structed to hold the X-ray film and opaque solution 
containers was made entirely of wood. All joints 
were glued, thus eliminating any metallic objects 
other than the metallic strips used as density refer- 
ence standards. 

Absorption Cells.—Central Scientific Company 
catalogue No. 12336-A absorption cell. These con- 
tainers were used to hold the opaque media. By the 
use of these cells, which have optically flat sides, a 
constant thickness of solution of 1 = 0.005 cm. was 
obtained. The apparatus was designed to hold 12 
of these cells. Since the pictures of several opaque 
solutions are obtained on one film, the solution 
thickness, exposure and developing times remain 
constant. Thus the sources of error that might 
have been encountered in the methods cited previ- 
ously are eliminated. 

Density Reference Standards.—Aluminum strips 
7 inches long, '/, inch wide and 0.008, 0.022, and 
0.062 inch thick. The aluminum strips were inlaid 
vertically in the plywood backing between the 
solution cells and the film holder. Four sets of a 
series of three thicknesses of aluminum strips were 
placed behind each of the four vertical rows of cells. 
The final setup is illustrated in Fig. 1. 
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Fig, 1.—The broken vertical lines in the front 
view of the drawing indicate the position of the 
metallic strips used as density reference standards. 
The side view shows the shelves on which the ab- 
sorption cells containing opaque solutions are placed. 
The top view shows the position of the film holder 
behind the slots for the metallic strips. All dimen- 
sions are in inches. 
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ScrenTiFic EpITrion 


X-ray film. Eastman Kodak Co. Blue-Brand 
duplitized X-ray film. 

Developer. Kodak liquid X-ray developer and 
replenisher. 

Fixer. Hypo with chrome alum sulfite hardener. 

Opaques. A variety of opaques were used to test 
the method. 

Iodine solution. 

Phentetiothalein sodium N. N. R. 
Chemical Company. 

Hippuran N. N.R. Mallinckrodt Chemical Com- 
pany. 

Skiodan. Winthrop Chemical Company. 

Diodrast. Winthrop Chemical Company. 

Lipiodol Lafay. E. Fougera and Company. 

Lipoiodine. Ciba Pharmaceutical Products Com- 
pany. 

Neo-iopax. 

Priodax. 


Mallinckrodt 


Schering Company. 
Schering Company. 


PROCEDURE 


X-ray photographs of aqueous iodine solutions 
were first made. In order to determine the con- 
centration of iodine per cc. necessary to blank out 
the various thicknesses of aluminum density refer- 
ence standards, the following general procedure was 
carried out. 

A solution containing 300 mg. iodine per cc. was 
made by dissolving 50 Gm. KI and 37.5 Gm. iodine 
in 250 ce. of solution. By dilution of this solution 
the following concentrations of iodine were obtained : 
280, 260, 240, 220, 200, 180, 160, 149, 120, 100, 80, 
and 60 mg. iodine per cc. 

Aluminum metal strips used: 0.008, 0.022, and 
0.040 inch. 

The solutions were placed in the holder in de- 
scending order of concentration from left to right 
with the most concentrated in the upper left and the 
least concentrated in the lower right. 

The film was exposed for one-tenth of a second at 
a 30-inch focal film distance and 46 kv. p. using a 
100-milliamp. tube. The results are shown in Fig. 2. 

X-ray photographs of the various opaque solu- 
tions were made according to the general procedure 
as follows: 

Solutions of various opaques were made to contain 
180, 140, and 100 mg. iodine per cc. The concen- 
trations of opaque necessary to obtain these values 
are shown in Table I. The solutions were aqueous 
with the exception of Lipoiodine and Lipiodol which 
were diluted with peanut oil. The concentrations 


Figure 2 
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of thorium nitrate, bismuth nitrate, cadmium 
nitrate’ and mercuric chloride solutions used were 
calculated to Hull’s law, cited by Greenbaum and 
Peters, which states that the opacity of an element is 
proportional to the third power of its atomic weight 
(4). Each of the opaque solutions was then com- 
pared with iodine solutions of the same concentra- 
tion of iodine, 12 samples being exposed to X-rays in 
the holder at the same time. The left vertical row 
of three solutions consisted of the iodine solutions, 
the 180 mg./cc. solution being in the top holder, the 
140 mg./cc. solution in the middle holder, and the 
100 mg./ce. being in the bottom holder. Three 
other opaques were compared at the same time, and 
arranged in the same order of concentration verti 
cally. 

Aluminum metal strips used: 
0.062 inch. 

The film was exposed for one-tenth of a second at a 
30-inch focal film distance and 46 kv. p. using a 100- 
milliamp. tube. 

The photographs were all made in the same period 
and developed simultaneously. The development 
data for all films were as follows: time in developer, 
three and one-half minutes at 68° F.; time in fixer, 
seven minutes at 68° F.; washed twenty minutes at 
68° F. 


0.008, 0.022, and 


DISCUSSION 

The search for a proper density reference standard 
involved many trials of various materials. Various 
thicknesses of aluminum were tried and those 0.008, 
0.022, and 0.062 inch thick were selected as the ones 
that gave the desired degree of contrast. 

From the results it was shown that 160 mg. I, per 
ec. blanked out the 0.008- and 0.022-inch aluminum 
strips, while with 140 mg. I, per cc., the 0.022-inch 
aluminum strip was discernible. Because the 140 
mg. I, per cc. was on the border of blanking out the 
0.022-inch aluminum strip it was chosen as one of 
the reference control solutions and the other two 
arbitrarily selected were 180 and 100 mg. I, per cc. 

The results of the experiments showed that all of 
the compounds containing iodine in concentrations 
giving the same concentration of iodine as the con- 
trol gave the same degree of opacity as did the iodine 
control. However, in the metallic solutions the re- 
sults obtained were not those expected since tho- 
rium, bismuth, and mercury did not blank out the 
0.022- and 0.062-inch aluminum strips even in the 
most concentrated solutions while the cadmium 
blanked them out in the least concentrated solution. 
This gives doubt to the validity of Hull’s law as 
stated by Greenbaum and Peters (4). 

This method is being used to study the relative 
opaque efficiency of various materials in an effort to 
relate chemical constitution and structure with 
opacity. 


CONCLUSION 


A new method for evaluating chemical com- 
pounds for their radiographic opaque properties 


has been devised. Sources of error such as thick- 
ness of solution, exposure and developing times 
have been eliminated. The relationship between 
chemical structure and opacity and between 
chemical composition and opacity may be con- 
veniently studied using this method 
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Tasie I.—-CONCENTRATIONS OF OPAQUES NECESSARY TO OBTAIN SOLUTIONS OF 180, 140, AND 100 MG 


bODINE 
Opaque Iodine Content 
Lipiodol 0.54 Gm. per ce. 
Lipoiodine 41.0% 
Hippuran 34.9% 
Neo-iopax 51.5% 
Diodrast 50.0% 
Skiodan 52.0% 
Phentetiothalein 58.6% 


Thorium nitrate 
Mercuric chloride 
Bismuth nitrate 
Cadmium nitrate 


(1) Green, A. B., X-ray Technician, 9, 231(1938) 
(2) Sicard, J. A., and Forestier, J. E., Radiology, 7, 385 
(1926) 

(3) Mettier, S. R., and Leake, C. D., J. Am. Med. Assoc., 
111, 986(1938). 

(4) Greenbaum, F. R., and Peters, A. F., Radiology, 35, 
45(1940) 
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Stable solutions of riboflavin, suitable for in- 
jection, may be prepared by taking advantage 
of the effect of /- or d/-tryptophan on increas- 
ing the solubility of the vitamin. Solutions 
combining the effects of niacinamide and 
tryptophan on riboflavin solubility contain 
up to 7 mg. per cc. of riboflavin and 100 mg. 
per cc. of niacinamide. They are physically 
stable and retain biological potency for 
periods up to at least seven months as deter- 
mined by photofluorometric and animal tests. 


T# IMPORTANCE of finding physiologically 

innocuous agents to enhance the solubility of 
riboflavin in aqueous media is amply attested by 
the numerous publications on this subject and by 
the large number of patents which have been is 
sued (1). None of these processes seem to have 
proved entirely satisfactory and work in this field 
continues. The evidence of Strong, et a/. (2), sug- 
gests that the attainment of concentrations of 
about 5 mg. of riboflavin per milliliter may be a 
satisfactory goal. 
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Tryptophan as Solubilizing Agent for Riboflavin*t 


By ROBERT A. HARTE}{ and JAMES L. CHEN§ 


This report deals with the preparation of solu 
tions of approximately such concentrations of ri- 
boflavin by using tryptophan as solubilizing 
agent. Solubility determinations have been 
made in systems whose pH was controlled by ap- 
propriate buffers. 


EXPERIMENTAL 


Preliminary tests.—Concentrated aqueous solu- 
tions of the naturally occurring enantiomorphs of 
the following amino acids failed to dissolve appreci- 
ably more riboflavin than water alone: alanine, 
arginine, aspartic acid, cysteine, cystine, glutamic 
acid, histidine, hydroxyproline, leucine, lysine hydro- 
chloride, proline, serine, threonine, tryosine, and 
valine. In addition, glycine, dl-methionine, and 
monosodium glutamate were tried and not found 
useful for this purpose. On the other hand, both 
l- and dl-tryptophan were found to possess definite 
solubilizing effects on riboflavin. 

Preparation of Solutions.—Solutions were pre- 
pared by shaking an excess of riboflavin with the de- 
sired solvent for ten minutes at 70° to 75° in a water 
bath and filtering after cooling to room temperature. 
Alternatively, solutions were prepared by heating 
mixtures of the substances with water or buffer 
solutions in sealed tubes in a boiling water bath for 
several hours or filtration completed after longer 
standing at refrigerator temperatures, or both, 
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Since /-tryptophan is about four times as soluble 
in water as the dl-isomer (3) (1.14% at 25° as com- 
pared to 0.25% at 30°, respectively), it would be 
expected that saturated solutions of the former 
would dissolve more riboflavin than similar solutions 
of the latter, unless the steric configurations exert an 
influence. Actually, at pH 6.8 (Macllvaine’s buf- 
fer) the solubility of riboflavin in saturated /-trypto- 
phan solution was about 4 mg. per ml.; with dl- 
tryptophan, about 2.2 mg. per ml. 

When the solutions were prepared by heating ex- 
cesses of the amino acid and riboflavin in buffers of 
various pH’s (Macllvaine’s citric acid~sodium phos- 
phate system), cooling in the refrigerator (5-8°), and 
filtering, the solubility of riboflavin seemed related 
to the pH and the varying salt contents of the mix- 
tures; possibly a maximum concentration of ribo- 
flavin is obtained at about pH 3.2 (4.4 mg. per ml.). 
See Table I. 


TABLE I.—So.LuBILITy OF RIBOFLAVIN IN 
SATURATED /-TRYPTOPHAN SOLUTIONS IN CITRIC 


Acip-Soptum PHosPHATE BUFFERS 


Riboflavin 
Mg. per Ce 


Solvents prepared by dissolution of tryptophan in 
10% niacinamide solutions were capable of dissolv- 
ing up to 7 mg. of riboflavin per ml. Such a solution 
had a pH of 6.3. This concentration may be greater 
than what would be expected if the effects of niacin- 
amide and tryptophan on the solubility of riboflavin 
were merely additive. However, the presence of 
niacinamide substantially increases the solubility of 
tryptophan and this observation may explain the ap- 
parent synergy observed in these experiments. 

Chemical Stability.—A variety of solutions con- 
taining combinations of tryptophan and niacinamide 
saturated with riboflavin, at pH’s up to 6.3, were 
examined after seven months storage at ambient 
temperatures in dark bottles. All of these solutions 
remained clear. Photofluorometric assays for ribo- 
flavin content checked well with the initial assay 
values. 

Biological Adequacy.—Animals were maintained 
on synthetic rations similar to those previously 
reported from these laboratories (4), except that, 
where appropriate, riboflavin was omitted from the 
vitamin supplements. The test rations contained 
17% vitamin-free casein and 0.18% choline chloride. 
Four groups of eight weanling males were used 
Two groups (A and B) received the ration containing 
8 mg.—Kg. of riboflavin and two groups (C and D) 
received riboflavin-free rations. 

All animals received daily injections of 0.1 ml.: 
the injected solutions being, for Groups A and C, 
physiological saline; for Group D, an appropriate 
dilution of a 10% niacinamide solution saturated, 
with respect to /-tryptophan and riboflavin (7 mg 
per ml.); and Group B, a corresponding dilution of a 
10° niacinamide solution saturated, with respect to 
l-tryptophan. 
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After four weeks, the animals in Groups A, B, and 
D showed comparable weight gains of about 100 
Gm; Group C animals (negative controls) gained 
only about 20Gm. At this time, half of the negative 
control animals were given daily injections of the 
niacinamide-tryptophan-riboflavin solution. After 
seven weeks, studies on the remaining negative con- 
trol animals which had lost weight were discon- 
tinued. Since the animals in Groups A and B per- 
formed virtually identically, surveillance of Group 
A was discontinued after seven weeks. Animals in 
Groups B and D continued to show comparable 
weight gains while the negative control animals 
(Group C) which had begun to receive riboflavin in- 
jections on the twenty-eighth day slowly caught up 
with those receiving riboflavin regularly from the 
beginning of the experiment. The amount of ribo- 
flavin injected was increased to keep pace with the 
greater intake in Group B as these animals grew 
larger. After twenty weeks the experiment was 
terminated. The animals in Group B had a total 
riboflavin intake of 14.6 mg. during the test; Group 
B had a total riboflavin intake of 14.6 mg. during the 
test; Group D, 14.2, and Group C, 11.9mg. Analy- 
sis of variance showed no significance difference be- 
tween the weight gains of any of the groups. Post- 
mortem examination of the sacrificed animals re- 
vealed no gross evidence of liver or kidney damage, 
which might have been expected had any methyl 


, deficiency been induced by the stress of excretion of 


the relatively massive doses of niacinamide as its 
methylated metabolic end product. 


DISCUSSION 


The previous literature on solubilizing agents for 
riboflavin has been summarized by Frost (1). To it 
may be added Bird and Kuna’s patent (5) dealing 
with /-tyrosinamide and its salts and the report of 
Schoen and Gordon (6) on methylol derivatives of 
riboflavin. The unphysiological nature of some of 
the solubilizing agents previously advocated is only 
too evident and does not require emphasis here. 
Although niacinamide, which has been used exten- 
sively by the pharmaceutical industry, is an entirely 
physiological substance, nevertheless the riboflavin- 
niacinamide ratio necessary to obtain the desired 
concentration of riboflavin would not appear desir- 
able. The entirely physiological nature of trypto- 
phan, together with its well-established metabolic 
relationship to niacin or niacinamide (7, 8), makes it 
a potentially useful addend as a solubilizing agent for 
riboflavin. Apparently, too, di-tryptophan is not 
toxic when administered orally to humans in quanti- 
ties of 5 Gm. daily (9). 


SUMMARY 


1. Concentrated aqueous solutions of /- or 
dl-tryptophan dissolve more riboflavin than does 
water. 

2. The effect of such solutions on the solubilitv 
of riboflavin seems to be related to the concen- 
tion of the amino acids. 

3. Riboflavin in such tryptophan solutions 
dissolves to the extent of 4 mg. per ml. at pH 6.8. 


if 
|_| 
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2.8 3.3 | 
3.2 4.4 ‘ 
4.0 9.7 
6.8 4.0 
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Slightly higher concentrations were observed at 
pH 3.2, perhaps due to different salt concentra- 
tion. ‘ 

4. Addition of niacinamide markedly in- 
creases the solubility of riboflavin as a reflection, 
in part, of its solubilizing effect on tryptophan. 

5. Such solutions of riboflavin have been 
shown to remain clear and stable over a seven- 
month period of storage at room temperature. 

6. The biological efficacy of such solutions 
has been demonstrated by a twenty-week growth 
study with weanling rats. 


Results of screening tests of 24 organic fluo- 

rine compounds by the method of Lamson 

and Brown and by a modified form of Bald- 

win’s method for ascaricidal and ascaristatic 
activities are given. 


paste FLUORIDE, a general protoplasmic 

poison, has been advocated as an ascarcide 
in swine (1). It was suggested that organic fluo- 
rine compounds might prove to be effective as as- 
caricides, and would be, since fluorine is rather 
firmly held by carbon, fluorine compounds of re 
duced general toxicity. The organic fluorine com- 
pounds studied in this report were prepared by 
Dr. E. T. MeBee and his staff of the chemistry 
department of Purdue University. The method 
of Lamson and Brown (2) was used to screen these 
compounds for ascaricidal activity; the ascari- 
static activity was determined by amodified Bald- 
win method (3) 


EXPERIMENTAL 
Part A (Lamson and Brown Method).—Fresh 


roundworms ( Ascaris lumbricoides, var. suis) of the 
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Screening Tests of Certain New Organic 
Fluorine Compounds for Ascaricidal 
and Ascaristatic Activities” 


By R. H. FODEN,+ P. H. HONDA,} and L. D. EDWARDS}{ 
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hog were obtained from a local slaughterhouse, and 
were handled according to the procedure advocated 
by Lamson and Brown. These worms, immersed in 
a normal saline bath maintained at 37.5°, were 
subjected to the action of an amount of each drug 
which would, if it all went into solution, make a 
1-1000 concentration. Each bath was equipped 
with an electric stirring device. At specified times 
two worms were withdrawn from the bath, and after 
incubation for twenty hours at 37.5°, were then 
tested by dropping into water heated to 60° for via- 
bility. Sodium fluoride and hexylresorcinol were 
used as controls. The results are given in Table I 

In these tests, many of the compounds appeared as 
effective as sodium fluoride. The most striking re- 
sults, however, were obtained with 3-(trifluoromethyl) 
phenol. This compound is a pale yellow, slightly 
water-soluble liquid, and is possessed of a penetrating 
odor. It is irritating to the skin. A saturated aque- 
ous solution in 0.5-ml. doses, however, was nonlethal 
when injected via the tail vein into mice and young 
Wistar rats. Sloughing of the tails of mice indicated 
a local necrotic action. The intravenous LDyw (Kar- 
ber method) as determined in Wistar rats (140 to 200 
Gm.) using 50° propylene glycol as a solvent was 
found to be 57.25 = 0.0349 mg./Kg. of body weight. 
The dose volume in each case was 0.5 ml. The se- 
quence of events after the injections of lethal doses 
eonsisted of prostration, marked dyspnea, convul- 
sions, and then death by respiratory failure within a 
minute after the introduction of the drug. The or- 
gans of these rats, examined grossly, did not show 
any abnormalities. 

Since the effectiveness of 3-(trifluoromethyl)phe- 
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TaBLe I.—AscaricipaL Activity oF CERTAIN ORGANIC FLUORINE CoMPOUNDS (LAMSON AND BROWN 


Time ot Exposure —> 


Perfluoro(methylnaphthalane) 

1,1,1-Trifluoropentachloropropane 

4-Hydroxy-4-(trifluoromethyl)-1,1,1,7,7,7-hexa- 
fluoroheptane 

1,2-Dichlorodecafluorocyclohexane 

3-(Trifluoromethyl) phenol 

4-Chloro(trifluoromethyl) benzene 

3-Chloro(trifluoromethy]l) benzene 

2-Chloro(trifluoromethy]) benzene 

5-Chloro-1,3-bis(trifluoromethyl) benzene 

4-Chloro-1,3-bis( trifluoromethyl) benzene 

1,4-bis(Trifluoromethy]) benzene 

1,2-bis( Trifluoromethy]) benzene 

benzene 

Trichlorodifluoro(trifluoromethyl) benzene 

Perfluoroglutarimide 

Trifluoroacetanilide 

Sodium 2-fluorobenzoate 

Sodium 3-fluorobenzoate 

Sodium 4-(pentafluoroethyl) benzoate 

Ethy] 4-fluorobenzoate 

Allyl 4-(trifluoromethyl) benzoate 

Barium 4-fluorobenzene sulfonate 

Sodium 4-(trifluoromethyl)benzene sulfonate 

4,4’-Difluoro-diphenylsulfone 

Sodium fluoride (control) 

Hexyl resorcinol (control) 


—~ -—-—Hours—— 


2 


Minutes 
10 15 30 45 1 
Mortality (Two Worms*), % 


0 
0 


Bo 


_ 


ce 


Se 


_ 


Bo 


oo 


100 100 


« The addition of propylene glycoi (5% or 20%) or sodium glycoholate (0.1%) to the bath of further tests did not materially 


alter the results obtained with a saline bath. 


uol approximates very closely the hexylresorcinol re- 
sults, and since the organic fluorine compounds as a 
group do not, by this test, demonstrate outstanding 
ascaricidal activity, it would appear that the phe- 
nolic group of this compound isthe major determining 
factor as far as ascaricidal action is concerned. 

Part B ( Modified Baldwin Method ).— Most of the 
compounds studied in Part A were screened for 
asearistatic activity using the Baldwin method. 
One-tenth gram of each drug was added to 100 cc. of 
bath. The bath temperature was maintained at 
37.5° throughout the one-hour test. With santonin, 
used as a control, the tonus of the neuromuscular 
strip, after a temporary rise, fell sharply and re- 
mained at this low level throughout the test. Dur- 
ing the rise in tonus, contractility ceased, but it re- 
appeared for a brief period with the onset of reduced 
tonus. From this point on, contractility and rhythm 
were progressively decreased with complete cessation 
of contractility near the end of the one-hour period. 
3-(Trifluoromethyl )phenol produced an immediate 
pronounced increase in tone with complete cessation 
of contractility. The segment appeared somewhat 
blanched. The heptane derivative (Table I, No. 3) 
caused, as a rule, little or no tonus changes with early 
(ten minutes) cessation of contractions. Perfluoro- 
glutarimide caused almost immediate depression of 
contractility with some fall in tone. An occasional 
contraction was seen during the sixty-minute test. 
Trichlorodifluoro(trifluoromethyl)benzene and 3 
chloro(trifluoromethyl)benzene gave similar results. 


The remainder of the compounds did not cause any 
significant changes in the activity of the neuromus- 
cular segment of the roundworm as used in the 
Baldwin method. 


CONCLUSIONS 


1. Twenty-four organic fluorine compounds 
have been screened for ascaricidal and ascarista- 
tic activity. 

2. The results obtained with the Lamson and 
Brown method indicate that 3-trifluoromethyl- 
phenol is the most active ascaricide of the group 
of compounds studied. 

3. Ascaristatic activity as indicated by the 
modified Baldwin method is noted for 4-hydroxy- 
4 -trifluoromethyl- 1,1,1,7,7,7-hexafluoroheptane. 
Perfluoroglutarimide, trichlorodifluoro(trifluoro- 
methyl)benzene and 3-chloro(trifluoromethyl)- 
benzene were less effective. 
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Experimental data concerning a number of 
esters of 3-nitrocumic acid are presented. A 
number of physical constants are included. 
An attempt was made to prepare 3-hydroxy-2- 
carboxy-4-isopropylbenzoic acid. 


Atmoucss terpene chemistry is one of the old- 
est branches of organic chemistry, its pres- 
ent-day importance continues to attract research 
workers. This is particularly true in the naval 
stores industry which is yielding a variety of 
commercial products including perfume mate- 
rials. During the last twenty-five years the 
production of terpene products has been in- 
creased considerably in turpentining operations, 
from stumps, wood waste, and as by-products 
from kraft pulp mills. 

During the last decade, more research has been 
applied to the monocyclic terpenes than the bi- 
cyclic terpenes with the result that this class of 
compounds has now acquired a distinguished 
place in industry. The structural relationship ot 
the monocyclic terpene hydrocarbons to p 
menthane and cymene can be readily seen. The 
conversion of these terpene hydrocarbons to 
cymene and the conversion of p-cymene to 
cymene acids is being carried out successfully on a 
commercial scale. One of these cvmene acids is 
cumic acid. The fact that cumic acid (p-iso 
propyl benzoic acid) is a homolog of benzoic acid 
further increases its interest to the pharmaceuti 
cal chemist. 

With these facts in mind the preparation of a 
number of esters of cumic acid and 3-nitrocumic 
acid was undertaken with a view to their possible 
value in flavors, cosmetics, and other pharma- 
ceutical products. Another report from this 
laboratory is being submitted by Carkhuff and 
Gramling. It deals with esters of cumic acid 
whereas this report is limited to derivatives of 3 
nitrocumic acid. 3-Nitrocumic acid has been 
prepared by several methods (1, 2). 
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Esters of 3-Nitrocumic Acid* 


By ROSS M. BAXTERt, t and P. A. FOOTE, § 


The 3-nitrocumic acid was prepared using 
fuming nitric acid as the nitrating agent because 
the time involved in the nitration was relatively 
short (thirty to thirty-five minutes). The 
possibility of obtaining dinitro and trinitro de- 
rivatives was lessened. This method was further 
justified by higher vields and ease of purification. 
Ethyl alcohol was found to be the crystallizing 
solvent of choice. Using this method of nitration 
and one crystallization from ethyl alcohol, pure 
3-nitrocumic acid was obtained in yields of ninety 
per cent. 

The 3-nitrocuminoy! chloride was prepared by 
using two different reagents—thionyl chloride 
and phosphorous pentachloride. The reaction 
proceeded smoothly with both reagents. Reflux- 
iug was necessary in the case of thionyl chloride 
and when the reaction had gone to completion the 
excess thionyl chloride was removed under re 
duced pressure. An excess of phosphorous penta- 
chloride was used after which the phosphorous 
trichloride was removed under reduced pressure. 
Attempts to purify the 3-nitrocuminoyl chloride 
by distillation at atmospheric pressure and at a 
pressure of | mm. failed. At atmospheric pres 
sure decomposition was almost complete with the 
evolution of hydrogen chloride gas and the depo- 
sition of a black residue in the distilling flask. 
At a pressure of | mm., decomposition was also 
excessive and a loss of fifty per cent was experi 
enced in attempting to purify the 3-nitrocuminoy! 
chloride in this manner. The method finally 
adopted was that of removing the excess reagent 
under reduced pressure, avoiding any further 
heating after the removal of the excess reagent. 
Using the 3-nitrocuminoyl] chloride obtained in 
this manner, esters were prepared in good yields 
and purified. 

Due to the difficulty in obtaining purified 3- 
nitrocuminoyl! chloride, it was thought advisable 
to attempt esterification by other means also. 
Thus two other methods were used. Esterifica 
tion was carried out in the presence of dry hydro- 
gen chloride gas and in the presence of phosphor 
ous trichloride 

With the exception of one ester, all the esters 
prepared were liquids. The one solid ester, the 
methyl ester, was purified by recrystallization 
from ethyl alcohol. 

The liquid esters of 3-nitrocumic acid could not 
be purified by distillation at atmospheric pressure. 
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All distillations of these liquid esters were carried 
out at pressures of 1-3 mm. Even at these 
pressures some decomposition was evident, 
especially when distilling esters of higher molec- 
ular weight. It seems evident from this work 
that the introduction of the nitro group in the 
aromatic nucleus decreases stability and increases 
the rate of decomposition in these compounds at 
elevated temperatures. At pressures of 1-3 
mm., esters with boiling points above 160-165° 
showed definite signs of decomposition on dis- 
tillation. 

An attempt has been made to produce 3- 
hydroxy-2-carboxy-4-isopropylbenzoic acid. The 
possibilities of such a compound with respect to 
its properties as an antiseptic or insect repellent, 
as compared to cumic acid, was the reason for 
attempting this synthesis. 

The synthesis of 3-hydroxy-2-carboxy-4-iso- 
propylbenzoic acid involved the use of thymol as 
a starting material, the first step being the intro- 
duction of the carboxyl group in position 2, then 
oxidation of the 1-methyl to a carboxyl group. 

The production of the o-thymotinic acid was 
carried out by the method (4), of dissolving the 
thymol in dry xylene, treatirig with metallic sod- 
ium and dry carbon dioxide at atmospheric pres 
sure and at the temperature of refluxing xylene. 

The oxidation of the 1-methyl group to a car- 
boxyl was the next step in the synthesis. Three 
possible methods were available. In order to 
obtain the exclusive oxidation of the 1-methyl 
group, two methods were eliminated. The acid- 
permanganate oxidation results in the oxidation 
of both the methyl and the isopropyl groups. 
Alkaline permanganate oxidizes the methyl group 
almost exclusively but will also introduce a 
hydroxyl group in the isopropyl group, replacing 
the hydrogen on the tertiary carbon. Since the 
methyl group of p-cymene can be oxidized almost 
exclusively, to produce cumic acid, by catalytic 
air oxidation of p-cymene (3), it was thought ad- 
visable to try this method. The o-thymotinic 
acid was dissolved in benzene and the oxidation 
attempted by passing air through the solution in 
the presence of a catalyst consisting of equal 
parts of anhydrous manganese and lead acetates, 
two per cent by weight of the o-thymotinic acid. 
The air oxidation was allowed to proceed for 
seventy-two hours. At the end of this time the 
benzene was removed and the solid obtained was 
crystallized from ethyl alcohol twice. On 
checking the melting point and the neutral 
equivalent it was concluded that the product was 
o-thymotinic acid and that the oxidation had not 
taken place. Thus the compound 3-hydroxy-2- 
carboxy-4-isopropylbenzoic acid was not obtained. 


EXPERIMENTAL 


The cumic acid available was of technical grade 
and was purified by recrystallizing from methyl or 
ethyl alcohol. These two solvents proved the most 
satisfactory from the standpoint of yield and purity 
of the product. 

3-Nitrocumic Acid.—Five-grams cumic acid (m. p. 
116-117°) was dissolved in 15 Gm. concentrated 
sulfuric acid and cooled on ice. The mixture was 
stirred vigorously while 4 Gm. of fuming nitric acid 
was added slowly in small portions over a period of 
fifteen minutes. After thirty minutes from the 
start of the reaction, stirring was stopped and the 
reaction mixture was poured into ice water. The 
mixture was then stirred for a period of ten to fifteen 
minutes. The precipitate of 3-nitrocumic acid was 
collected on a suction filter and washed with dis- 
tilled water until the filtrate was clear. The 
washed and dried 3-nitrocumic acid was crystallized 
once from ethyl alcohol. The yield of purified 3- 
nitrocumic acid (m. p. 156-157 °) was 5.7 Gm. 

3-Nitrocuminoyl Chloride.—Thirty-grams purified 
thionyl chloride was added to 50 Gm. of 3-nitrocumic 
acid. The mixture was refluxed on a water-bath for 
two hours and at the end of that time the solution 
was a clear red color. The excess thionyl chloride 
was removed at a pressure of lb mm. The resulting 
liquid was placed in a vacuum desiccator over cal- 
cium chloride and dried under reduced pressure. 

Attempts to purify this compound by distillation 
at a pressure of 1 mm. proved unsatisfactory as 
heating caused serious decomposition. The 49 Gm 


of 3-nitrocuminoy] chloride, obtained from 50 Gm. of 
3-nitrocumic acid, was used to produce esters and 


the impurities were removed in the purification of 
the esters. 

Esters of 3-Nitrocumic Acid.—The methyl and 
thymyl esters were prepared by reacting together a 
molecular equivalent weight of 3-nitrocuminoy! 
chloride with molecular equivalent weights of 
methyl alcohol and thymol, respectively. The ex- 
cess 3-nitrocuminoyl chloride was hydrolyzed with 
5% aqueous potassium hydroxide. The residue was 
then washed with distilled water until neutral. The 
methyl ester was twice crystallized from ethyl alco- 
hol. The liquid thymy! ester was purified by dis- 
tillation at reduced pressure. The reaction in the 
case of the thymyl ester was carried out using ben- 
zene as a solvent. 

The ethyl, »-propyl, isopropyl, n-butyl, n-amyl, 
and n-hexyl esters were prepared by passing dry 
hydrogen chloride gas into molecular equivalent 
weights of 3-nitrocumic acid and the alcohol. The 
reaction was carried out at the refluxing temperature 
of the alcohol and for a period of two hours. The 
excess 3-nitrocumic acid was removed as the potas- 
sium salt after which the esters were washed with 
distilled water until neutral. After drying over 
anhydrous sodium sulfate these esters were purified 
by distillation at reduced pressure. 

The phenylethyl ester was prepared using molec- 
ular equivalent weights of 3-nitrocumic acid and 
phenylethyl alcohol with a slight excess of the calcu- 
lated amount of phosphorous trichloride, and dry 
xylene as the solvent. The reaction was carried out 
at the temperature of refluxing xylene for a period of 
two hours. The xylene was then removed under 
reduced pressure and the residue was washed with 
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I.—Constants or Esters or 3-Nirrrocumic Acip 


Ester of 3-Nitrocumic 


Acid Bp 
Methyl! 
Ethyl 291-292 ° (2), with decomp. 
n-Propy! 149-150° at 1 mm. 
lsopropy! 147-148° at 1 mm. 
n-Buty! 165-166° at 1 mm. 
n-Amy!l 181-—182° at 2 mm. 
n-Hexy! 194-195° at 2.5 mm. 
Thymy!l 196-198° at 1 mm. 


Phenylethy! 


5% aqueous potassium hydroxide, then with dis- 
tilled water until neutral, and finally dried over 
anhydrous sodium sulfate 


SUMMARY AND CONCLUSIONS 


The technical cumic acid was purified using 
several methods but the most satisfactory one 
was that of crystallizing the cumic acid from 
methyl or ethyl alcohol. 

Three methods were used for the preparation 
of the 3-nitrocumic acid. The one of choice in- 
volved the use of fuming nitric acid as the nitrat- 
ing agent 

Thionyl chloride was considered to be more 
satisfactory than phosphorus pentachloride for 
the production of the 3-nitrocuminoy] chloride. 

The 3-nitrocuminoyl chloride obtained was 
used to prepare the methyl and thymyl esters 
with satisfactory yields. By passing dry hydro- 
gen chloride gas through a refluxing mixture of 


WHO MAKES IT? 


Ester Value ———— 


Average 
Refractive Calculated (3 Samples) 
M.p. Index Theoretical Obtained 
64° (2) 247 .7 245.3 
234.3 232.8 
1.5140 222.2 220.4 
1.5120 220.4 217.6 
1.5130 208.9 205.3 
1.5112 199.0 196.9 
1.5074 189.1 186.2 
1.5445 160.8 157.2 
1 


5310 


the alcohol and the 3-nitrocumic acid, the follow- 
ing esters were prepared: ethyl, propyl, iso- 
propyl, n-butyl, x-amyl, n-hexyl. The phenyl- 
ethyl ester was prepared using phosphorous tri- 
chloride 

The following constants of these esters were 
found and recorded: boiling point, melting 
point, refractive index, and ester value. The 
esters prepared were all yellow, odorless, oily 
liquids, with the exception of the methyl ester 
which was a crystalline solid. 

o-Thymotinic acid was prepared and air oxida- 
tion of the 1-methyl group to a carboxyl group, to 
produce 2-carboxy-3-hydroxycumic acid, was un 
successful. 
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Muscarine 

Bulbocapnine 
2-Hydroxy-5-methylazobenzene-4’-sulfonic acid 
L-Mannose 

L-Galactose 

Naringenin 

Phosphorylcholine 
Phosphorylthiocholine 

Vinyl iodide 

Tridecamethylene bromohydrin 
1,3-Dimethyl-1,3-diphenylcyclobutane 


Streets, Chicago, IIl., seeks information on sources of supply for the following chemicals: 


1,4-Dihydropyrazine-2,3-dione 
1,2-Dihydropyridazine-3,4-dione 
1,2-Dihydropyridazine-3,6-dione 
Xanthotoxin 
7-Hydroxy-1-H-v-triazolo-(d)-pyrimidine 
7-(a)-12-(a)-Dihydroxyprogesterone 
Sulfanylthiourea 

Phloretin 

Erythrophleine 
O,N-Diacetylsalicylamide 

Coniferyl aldehyde 
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Observations on the Toxicity of Methyl-Silicone’ 


By STANLEY F. KERN, ROBERT C. ANDERSON, and PAUL N. HARRIS 


The results obtained by feeding rats silicone- 

coated food, and injecting silicone suspen- 

sions into mice and into rabbits are reported. 

The conclusion reached from the studies de- 

scribed is that the silicone examined possesses 
a low degree of toxicity. 


T= DEVELOPMENT of various silicone prod- 

ucts during recent years has resulted in 
their application in many systems where they 
come in contact with food and medicinal prod- 
ucts. Applications of this sort are always open 
to question because of toxicological effects that 
may result from traces of such material contami- 
nating the product. Because there was no infor- 
mation available on the toxicity of these mate- 
rials, such an investigation was made. 

Since Dri-Film No. 9977 appeared to meet our 
requirements, it was not deemed essential to study 
all types of silicones and silanes. The product 
resulting from polymerization of mixtures of 
methyl silanes of varying degrees of chlorination 
(G. E. Dri-Film No. 9977) was administered 
orally by coating the diet of animals, and by 
injection into various sites of a suspension of 
silicone particles in a dextrose-acacia solution. 
Although limited, these studies seemed adequate 
to answer any questions concerning the advis- 
ability of using this product in the manufacture 
of pharmaceuticals. 


PREPARATION 


Preparation of Coated Rat Food.—Five cubic 
centimeters of G. E. Dri-Film No. 9977 was slowly 
distilled from a small flask into an evacuated round- 
bottom flask containing five pounds of normal rat 
diet. The large flask was shaken vigorously during 
the distillation in order to insure homogeneous dis- 
tribution of vapor on all particles. After the Dri- 
Film was completely distilled over and allowed to 
remain for about one minute, the flask was flushed 
by repeated evacuations to remove the HCI released 
in the polymerization. The presence of the silicone 
on the particles was confirmed by the difficulty en- 
countered in wetting out the treated particles. The 
coating on the food was assumed to be nearly iden- 
tical to the film formed on glass or ceramic surfaces 
by Dri-Film No. 9977. This film is most probably a 
3-dimensional network of —Si—O— units with 1, 
2, or 3 methyl groups attached to each silicone atom 
(1). For example: 

* Received April 30, 1949, from the Lilly Research Labora- 
tories, Indianapolis 6, Ind. 


Presented to the Scientific Section, A. Pu. A., Jacksonville 
meeting, April, 1949. 


CH; CH; 
ba, 
CH, CH; CH; 
-$i—CH, 
CH; du, 


Preparation of Suspension of Silicones for In- 
jection.— Dextrose was coated in the same way as 
indicated above for the rat diet. In this case, how 
ever, 1 cc. of Dri-Film was used for every 50 Gm. of 
dextrose. The crystals after coating were difficult to 
wet out in water; but eventually water would pene 
trate the coating and dissolve the dextrose, leaving a 
film of silicone in suspension. In distilled water 
these films would agglomerate and were difficult to 
keep in suspension. The addition of acacia to the 
suspension stabilized it. 

To 300 cc. of distilled water 0.715 Gm. of acacia 
was added. Te 150 cc. of this solution 25 Gm. of 
dextrose coated with silicone was added, and the 
solution stirred in a Waring blender to disperse the 
silicone particles. To the other 150 cc. of solution 
25 Gm. of untreated dextrose was added. Each of 
these solutions was filled into 1-cc. ampuls, sealed, 
and autoclaved. The solution as prepared had a 
pH of 5.5. The small flakes of silicone could be seen 
easily by observing the ampuls in a Tyndall beam. 


RESULTS 


Effect of Feeding Silicone-Coated Diet.—Five 
groups of 10 rats each were employed. The first 
group (control) received normal rat ration. The 
second group received a diet comprised of one part 
silicone-coated food and three parts normal food 
(Diet A). The diet of the third group consisted of 
equal parts of treated and untreated food (Diet B). 
The fourth group received a diet of three parts of 
coated and one part of normal food (Diet C). The 
diet of the fifth group consisted solely of the silicone- 
coated ration (Diet D). In this manner, the diets 
contained approximately 0.05, 0.1, 0.15, and 0.2% 
of silicone, respectively. The amount of food con- 
sumed by each rat was determined daily, and the 
body weight, hemoglobin, leucocyte count, and 
erythrocyte count of each rat were recorded weekly. 
During the course of the experiment, the food in- 
take was found to be practically the same for all 
groups, and no significant differences in the body 
weights, hemoglobin, and blood cell counts of the 
animals on the different diets were observed, as 
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shown in Table I. At the end of thirteen weeks 
the 50 animals were killed for histologic examination 
of their tissues, including heart, lungs, liver, spleen, 
stomach, intestines, kidneys, thymus, thyroid, and 
adrenals. No gross or microscopic abnormalities 
attributable to the treatment were found 

Effect of Injection of Silicone Suspension. —Five 
mice were given 13 intraperitoneal injections of 0.5 
cc. of the silicone suspension over a period of seven- 
teen days, and 5 mice received 13 intravenous in- 
jections of the same amount of material during the 
same period. None of these animals showed any 
recognizable reaction to the treatment. 

Four rabbits each received, on one side of the 
body, 0.1 cc. of the suspension intracutaneously in 2 
sites, 1.0 ce. subcutaneously, and 1.0 cc. intramus- 
cularly. Control injections of the dextrose-acacia 
solution were made on the other side. One animal 
was sacrificed after twenty-four hours, the second 
after four days, the third after six days, and the 
fourth after eight days. No gross changes were 
evident at the sites of intracutaneous and subcu- 
taneous injections. Hence, no sections could be made 
of the subcutaneous sites, but since the sites of the 
intracutaneous injections had been outlined in India 
ink it was possible to section them. One section of 
corium from the rabbit that was killed four days 
after inoculation included a focus of infiltration of 
small numbers of macrophages and polymorphonu- 


JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


DISCUSSION 


Since this paper was first prepared, a complete 
and comprehensive report on the toxicity of silicones 
and related compounds has been made by Rowe, 
Spencer, and Bass (2). The authors found silicone 
intermediates to be toxic. However, this would 
concern chiefly those interested in the manufacture 
of such intermediates. After testing commercial 
silicones by various procedures, they concluded that 
silicones as a class have a low toxicity and present 
no significant handling problem. This confirms our 
own conclusions with Dri-Film No. 9977. 


SUMMARY 


1. Administration to rats for thirteen weeks 
of silicone-coated food in amounts representing 
25, 50, 75, and 100 per cent of their diets (sili- 
cone concentrations were 0.05, 0.1, 0.15, and 
(0.2 per cent, respectively) had no effect upon the 
body weight, hemoglobin, erythrocyte count, and 
leucocyte count. No gross or microscopic ab- 
normalities were seen in the viscera. 

2. Repeated intravenous and intraperitoneal 


Diet Date Body Weight, 
Control 4-15-48 61.3 
7-14 288.3 

A 4-15 61.4 
7-14 288.7 

B 4-15 62.0 
7-14 296.9 

Cc 4-15 65.2 
7-14 313.0 

D 4-15 64.2 
7-14 313.8 


clear leucocytes. The sections of skin from the other 
rabbits were normal. The site of the intramuscular 
injection in the control rabbit killed after one day 
could be detected because of slight hemorrhage, but 
in the remaining three could not be identified. In 
the muscles injected with the silicone suspension, the 
site was identified in the first rabbit by slight hemor- 
rhage, and in two of the others, was manifested as a 
faint gray streak. Sections of the control and the 
silicone suspension injections into the first rabbit 
were similar, and showed necrosis of a few muscle 
fibers with slight macrophage infiltration. Sections 
were not made of the control injections in the other 
animals. Sections of the muscles of the other sili 
cone-treated rabbits showed no reaction in one, and 
in two there was slight interstitial macrophage in- 


filtration, with necrosis of a few muscle fibers in one 


of these 


Taste |—Errect oN GROWTH AND HEMATOPOIETIC SYSTEM 


Av Av. R. B.C Av. W ¢ 

Gm Hemoglobin, “> (millions) thousands) 
110.1 6.25 10.47 
103.0 9.89 20.00 
107.4 6.46 11.88 
102.7 9.12 20.78 
99.1 5.98 8.75 
101.3 8.82 21.47 
98.7 6.00 8.71 
100.2 9.01 21 41 
93.0 6.56 7.96 
97.6 8.61 20.07 


injections into mice of a silicone suspension 
resulted in no demonstrable lesions. 

3. Single intracutaneous, subcutaneous, and 
intramuscular injections into rabbits of the 
Silicone suspension resulted in slight macro- 
phage infiltration in one of eight intracutaneous 
injections; and three of four intramuscular in- 
jections resulted in slight macrophage infiltration 
and necrosis of a few muscle fibers. 
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Book Reviews 


Vedicine on the March. By MARGUERITE CLARK. 

Funk and Wagnalls Company, New York, 1949. 

x + 308 pp. 13x2lem. Price $3.50. 

Mrs. Clark has attempted to cover the march of 
medical progress during and since the five-year war 
period. The author believes ‘the book will have 
fulfilled its purpose if it (1) convinces the lay public 
of the magnitude of the medical research program 
now at work in the fight against disease; (2) enables 
the enlightened patient to talk more freely with his 
doctor and the doctor with his patient; (3) pro- 
vides medical educators, public authorities, and 
hospital administrators with an up-to-the-minute 
medical résumé; and (4) gives editors, writers, radio 
commentators, and public speakers reliable informa- 
tion from professional sources as short cuts to more 
intensive research.” 

As for the usefulness of this book to the layman, 
the goal has been substantially reached. Mrs. Clark 
has done a good job of reporting. She gives evidence 
of having accurately reported what she has read and 
what people have said. She has also been conserva- 
tive when the authors are conservative—there is 
little of the flashy and the ultradramatic. 

Many will question, though, whether the inter- 
play of facts and concepts with those of established 
medical opinion is truly represented here in a 
sufficiently authoritative manner for those trained 
in the medical sciences. In short, it does not seem 
logical that the author's third purpose can be at- 
tained by a book of this character. In the chapter, 
“New Drugs and Techniques,”’ for example, the 
material bears considerable evidence of nonselec- 
tivity. 

The reviewer found Medicine on the March to be 
interesting reading, nevertheless, and believes it to 
be a worth-while publication. 


Drug Research and Development. Edited by Austin 
and ArtHur D. Herrick. Revere Pub- 
lishing Company, New York, 1948. xi + 596 pp. 
14.5x 23cm. Price $10. 

The essence of modern developmental research in 
the drug field is teamwork and collaboration. The 
drug manufacturer, the distributor, the research and 
laboratory worker, the advertising counsel and sales 
representative, the physician, and the pharmacist, 
all participate in some fashion in sucha developmental 
program. 

It is because of the teamwork nature of develop- 
mental research that each man must know exactly 
where his responsibility and authority lie and he 
must know enough about the other fellow's job to be 
able to see his point of view and adjust his own view- 
point to accomplish the task. 

Drug Research and Development sets out to promote 
this understanding and to present the necessary 
background. Because of the careful selection of 
authors, who are dealing with these problems in their 
daily work, the aims are accomplished in a most 
satisfactory and practical manner, 


Each author presents his aspect of the problem in 
broad retrospect, giving sufficient detail to clinch 
the point, without subjecting the reader to a mass of 
less pertinent information. The editors have quite 
evidently given sufficient leeway to the authors to 
assure a complete expression of their opinion. At 
the same time the various phases have been pulled 
together in such a way that the central concept is 
maintained and duplication is at a minimum. 

Every category of drug products, both the so- 
called ethical products and the proprietaries are in- 
cluded and such phases as chemical, pharmacological 
and biological research, clinical testing, development 
of facilities and controls, labels and labeling, pack- 
aging and storage, patent and trade-mark law, drug 
regulation, biologic regulation, new drug applica- 
tions, drug certification, Council acceptance, promo- 
tion and marketing, advertising, “detailing” the 
physician, professional acceptance, and retail price 
maintenance are covered. The experts covering these 
various areas are Austin Smith, Edgar B. Carter 
Windsor C. Cutting, Walter J. Derenberg, Isaac W. 
Digges, Charles S. Downs, Harvey B. Haag, Robert 
A. Harct, Arthur D. Herrick, Thomas H. Jones, 
Charles R. Linegar, Amel R. Menotti, John G. 
Searle, Maurice L. Tainter, Edward Thomas, Wal- 
ton Van Winkle, Jr., and Walter E. Ward. 


Natural Products Related to Phenanthrene. By Louis 
F. Freser and Mary Fieser. 3rded. Reinhold 
Publishing Co., New York, 1947. xii + 704 pp 
Price $10 
Usually when a book has gone into a third edition, 

changes are so minor that nothing much can be said 
by the reviewer. This reference book on the phe- 
nanthrenes is an exception, for the authors have 
nearly rewritten the book. The outlook on steroid 
chemistry has changed considerably since the advent 
of the second edition, and the authors have been 
meticulous about entering new concepts without de- 
stroying the best of the old. 

A few of the old chapters (carcinogenic hydro- 
carbons and triterpenoid sapogenins) have been 
omitted entirely and new chapters on the adrenal cor- 
tical hormones, steroid metabolism, etc., have taken 
their place. A lengthy chapter on the sterochemistry 
of the steroids by Richard B. Turner adds much to 
the book. 

To those not working in this field, steroid chem- 
istry is difficult, yet the authors have made it ap- 
pear to be easy, because of the lucid, free-flowing 
style of their writing. 

There are so many compounds of pharmaceutical 
interest in this group, i.e., bile acids, vitamin D, sex 
hormones, adrenal cortical hormones, cardiac gly- 
cosides, and the steroid and terpenoid alkaloids, that 
no scientific pharmaceutical reference library is com- 
plete without this book. 

The book is well indexed with both an author and 
a subject index. The many charts are excellent and 
the line drawings of the formulas are unusually clear 
and neat 
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Biochemical Preparations. 
Carter, Editor-in-chief. 
New York, 1949. 
Price $2.50. 


Volume I. Herperr E. 
John Wiley and Sons, 
xi + 76 pp. 14.5 x 23 cm. 


Biochemical Preparations is a new publication to 
augment Organic Syntheses and Inorganic Syntheses 
by giving precise and full directions for preparing 
substances used in biochemistry. Such publications 
are invaluable to the busy research biochemist. 

The value of this publication lies in the fact that, 
before publication, each preparation is carefully 
checked in a laboratory other than that with which 
the original submitter is associated. Isolation meth- 
ods are emphasized but if the best results are ob- 


tained by synthetic methods, the synthetic method 
is published. The format is similar to that of Organic 
Syntheses. A table of compounds of biochemical in- 
terest which have appeared in Organic Syntheses 
(through Volume 27) is a helpful addition. 

Compounds covered in the first volume of this 
projected series are adenosine diphosphate and tri- 
phosphate, /-alanine, /-serine, azobenzene-p-sulfonic 
acid trihydrate, p-hydroxyazobenzene-p-sulfonic 
acid, 5-nitronaphthalene-/-sulfonic acid dihydrate, 
casein, p-3,4-dihydroxyphenyl-/-alanine, diphospho- 
pyridine nucleotide, the a-glucose-/-phosphates, 
glutamine, dl-glyceraldehyde-3-phosphoric acid, ly- 
copene, /-lysine monohydrochloride, lysozyme, and 
d-tyrosine. 


1950 Iodine Research Award Nominations Requested 


Nominations are now being received by 
the AMERICAN PHARMACEUTICAL ASSOCIA- 
TION for the 1950 Iodine Educational Bureau 
Award recognizing outstanding research in 
the chemistry and pharmacy of iodine and 
its compounds as applied in pharmacy or 
medicine. Any member of the AssociIATION 
may propose a nominee by submitting eight 
copies of each of the publications to be con- 
sidered in the competition, a biographical 
sketch of the nominee including date of 
birth, and a list of his publications. Eight 
copies of the nomination must be sub- 
mitted to Robert P. Fischelis, Secretary of 
the AMERICAN PHARMACEUTICAL ASSOCIA- 
TION, 2215 Constitution Ave., N. W., Wash- 
ington 7, D.C. To be eligible for the 1950 
Award, nominations must be received on or 
before January 1, 1950. 

A nominee must be a resident of the 
United States or Canada. He must have 
accomplished outstanding research in the 
chemistry or pharmacy of iodine and its 
compounds as applied in pharmacy or 
medicine. 

During the period covered by the nomina- 
tion the nominee shall have been actively 
engaged in, shall have completed, or shall 
have published a report upon the line of 
investigation for which the award is made. 
During a period of two years prior to the 
date of nomination, the nominee shall not 
have been engaged in research under the 


sponsorship of the [Iodine Educational 
Bureau, Inc. 

The award consists of $1000 and a diploma 
setting forth the reasons for selection of the 
recipient. It may be presented annually at 
the annual meeting of the AMERICAN 
PHARMACEUTICAL ASSOCIATION. 

The recipient will deliver a paper or lec- 
ture upon the subject of his scientific work at 
the meeting at which the award is conferred. 
His paper, or address, will then be pub- 
lished in the JoURNAL OF THE AMERICAN 
PHARMACEUTICAL ASSOCIATION. In addi- 
tion to the sum of the award, the recipient 
will receive an allowance of not more than 
$250 to defray his expenses in attending the 
meeting. 

The recipient will be selected by an award 
committee which is appointed by the chair- 
man of the AssocraTion’s Council and which 
functions under prescribed rules. The pres- 
ent committee includes Justin L. Powers, 
chairman; Louis Gershenfeld, Charles O. 
Wilson, Harvey B. Haag, Heber W. Young- 
ken, John C. Krantz, and Frank O. Taylor. 

The award is now in its third year. The 
recipient of the first award was Dr. William 
T. Salter, Yale University pharmacologist. 
Dr. George M. Curtis, Chairman of the De- 
partment of Surgical Research and Professor 
of Surgery at Ohio State University, will be 
the recipient of the second award and will 
give the 1950 Iodine Award lecture. 
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VIRTUALLY 
UNBREAKABLE! 


Se strong that the pH-sensitive 
bulb con withstand as much pressure 
os the thick stem itself! 

Abrasion resistant — unusvally 
tugged for long life and reliable 
measurement even in highly abrasive 
slurries! 

Chemical durability—excellent 
in the strongest acids and alkalis... 
even at elevated temperatures! 


UNPRECEDENTED 
pH RANGE! 


0 to 14 pH — with the high-tem- 
perature high-pH glass . . . only small 
reproducible deviation near extreme 
limits, even at high temperatures. 

0 to 11 pH—at room tempera- 
perature and 0 to 10 pH at boiling 
for the general-purpose glass... 
without correction for sodium ions! 


COVER EXTREME 
TEMPERATURES! 
30° to 130° C at high pH — 
with the new high temperature—high 
pH glass. 

—20° to 100° C—with 
the new general-purpose 
gloss. Will withstand even 
repeated freezing. 


IMPROVED 
CONSTRUCTION? 


Simplified, heat-resistant 
construction eliminates wax filling 
... retains patented Beckman internal 
shielding .. . increases measurement 
precision. 
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Only Beckman Glass Electrodes offer all of these features: 


P RAPID RESPONSE... accuracy with 
speed and convenience. 

> STABILITY .. . to match the high preci- 
sion of BECKMAN pH METERS. 

PD INTERNAL SHIELDING... gives com- 
plete freedom from outside electrostatic 
interference. 

PD INTEGRAL LEADS... Continuous insu- 
lation into the electrode .. . connections 
located on protected panel board. 


PD EXTREME TEMPERATURE RANGE... 
Several types permit use from below 


freezing to boiling and above! 

D ENTIRE pH SCALE... Very small sodium 
ion errors ...¢.g., with high-temperature 
high-pH glass, only 0.2 pH deviation at 
13.7 pH in 1 N sodium hydroxide. 


PD FACTORY SEALED... rigidly tested ... 
no maintenance. 


> UNIQUE CHEMICAL DURABILITY ... in 
alkali... in acid ... in dilute solutions. 


And... REALLY TOUGH ...can even 
be used as a stirring rod! 


These new electrode glasses are now being used in several Beckman electrode styles. As 
rapidly as possible, they will be available in the full line of Beckman Glass Electrodes. 


Constant Research over the years has 
maintained Beckman Leadership in the 
instrumentation field . . . 
—Beckman pH Meters and Glass Electrodes 
—Beckman Ultraviolet, Visible and 
Infrared Spectrophotometers 
Beck Radioactivity Meters and 
Special Instruments... Unsurpassed 
for Reliability! 


BECKMAN INSTRUMENTS 
control modern industries 


BECKMAN INSTRUMENTS «+ National Technical Laboratories, South Pasadena 42, California 
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..-for injection at 24-hour intervals 


(ready for the label of the distributing drug manufacturer) 


To give you: 
... High initial levels of Penicillin in the blood stream 


. .. Longer lasting demonstrable blood levels to main- 
tain an extra margin of effectiveness 


Trouble-free preparation and injection 


Baker’s Aqueous Procaine Penicillin Fortified combines soluble 
Buffered Potassium Penicillin “G” with repository Procaine Peni- 
cillin “G” to provide a high initial blood level quickly after injec- 
tion, and prolonged demonstrable blood level for a 24-hour period. 
When the proper amount of diluent is added, it is possible to 
withdraw the required number of 1 cc doses each containing 
300,000 units of Procaine Penicillin “G” and 100,000 units of 
Potassium Penicillin “G”. 

Since no oil is used as a vehicle, there is less pain on injection, 
no clogging of needles, and easier cleaning. It is not essential for 
the syringe to be dry. 

In the dry state, Baker’s Aqueous Procaine Penicillin Fortified is 
stable for a long period. Under refrigeration it is stable for one 
week after preparation for injection. 


Increase your Penicillin business and profits by labelling and 
distributing Baker’s Aqueous Procaine Penicillin Fortified. 


J.T. Baker Chemical Co., Fine Chemical Division, Phillipsburg, N.]. 


Baker's Chemicalts 


and now Baker adds to your Penicillin line — 
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